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hyperbolic paraboloids wood 


engineering factors involved. 
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Designing 


THE COMPLETE 
PLANER LINE 
with profit producinc 


No. Single 
Surfacer—4 roll 
No. Single 

Surfacer—6 roll 


advantages 


For nearly century Buss has been known the designer and 
producer the world’s most accurate and durable planers. planer 
specialist, Buss devotes 100% its time the engineering 

and production surfacing equipment. When you are looking for 
planer, compare Buss with any make. think you will decide 
Buss the planer with the profit-producing advantages. 

Let send you literature our complete six 

different models, forty different sizes. 


Check these BUSS advantages 


Instantaneous Control For Parallel Setting Pressure Bar 


No. Double Surfacer—Heavy 
duty, fast feed. 


Patented Shearing Bar Prevents Damage Cutterhead 
And Pressure Bar 


Micrometer Control Lower Rolls The Turn Dial 


1,000 Lbs. More Frame Weight For Rigid Support, 


machine for planing thin, flexible Improved Performance, Longer Life 
materials. 


BUSS SPECIALIZED PRODUCTION SURFACING EQUIPMENT 
Top Head Single Planer 


af 


with chain drag hopper feed 
four power rolls. 


Buss has designed 

planers for rubber, 
vinyl, phenolic, acetate, 
plastics, hardboard, brake lining, lam- 
inated arches, and many other ma- 
terials. Contact about any special 


surfacing problems involving very 
No. 4-L Single Surfacer—Wedge thin extremely thick materials. 
adjusted bed, roll. 
Mao, 
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yperbolic Paraboloids Wood............. Pierson and Storrs 
example what the imaginative mind can with wood. 


COMPOSITION BOARD 


from Termites: Penta for Particle Board 


Sodium pentachlorophenate added the resin gave phenolic boards 
good protection. 


Dielectric Heating and the Emerite Brooks 
Natural lignin binding and dielectric heating are combined 
tured 


WOOD FINISHING 


Four methods catalyzing spray finishes are discussed. 


WOOD CUTTING 


Developing Experimental Two-Piece Circular Saw Blade....J. Johnston 
Saw action improved when the outer rim riveted center sec- 
tion allow thermal stress compensation. 

Fundamental Aspects the Wood Cutting Process........ McKenzie 
Wood-Award winning paper action cutting edges find con- 
cepts common all machining processes. 


WOOD PRESERVATION 


Creosote—Pentachlorophenol: Fortified Wood Preservative for Southern Pine 


Combining these preservatives cuts down chances for poles with- 
out increasing 


WOOD DRYING 


Collapse Some Eucalypts After Treatment Inorganic Salt Solutions 


Studies Australia show collapse increases markedly when wood 
affected chemically. 


CONSTRUCTION 


Building Codes: Their Relation Forest Fies 
Proper interpretation and administration are key factors the regula- 
tion building construction. 


QUALITY CONTROL 


comparison three methods putting numerical value varia- 
bility basis for improving quality. 


MANAGEMENT 


“roll your approach major problems lumber and 
plywood manufacturing caused economic changes. 


PLYWOOD 


Applying Linear Programming the Plywood Koenigsberg 
Using high-powered mathematics aid decisions peeling ve- 
neers and making products. 
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copies $1.50, except October Yearbook 
Number, $4.00. The Society 


sponsible for views expressed 


Production problems have 
you behind the 8-ball? Take 
cue from the many producers 
who've increased efficiency 
installing 


AUTOMATIC ADDITIVE 
PROPORTIONING SYSTEM 


Accuracy for resin savings 
and uniformity boards 

Reliability for minimum 
downtime and maintenance 
expense 


VARIABLE SPEED DRIVES 


Easy synchronization, using 
trouble-free circuits, with 
high order accuracy 

Modification command 
and feedback signals per- 
mits variations meet any 
process requirements 


CONVEYOR INTERLOCK 
SYSTEMS 


Conveyors start and stop 
when needed, require 
attention 

and decelera- 
tion rates controllable 


unications co. 


Box 3007 Eugene, Oregon 
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the day that 


Mr. Mason’s steam valve 


sprung leak 


started with accident. many discoveries do. 


William Mason had been investigating the problem 
what with the great quantities leftover wood which 
sawmills usually burned waste. 


unique explosion process, had discovered how 
reduce the wood its strong, component fibers. 


But didn’t really find hardboard until the day his steam 
valve sprung leak. 


had built small forming machine for making wetlap. 
Placing some the wetlap steam-heated screw press, 
intended squeeze out the water and then dry the 
board oven. 
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turned off the steam when 
‘eft for lunch, but returning 
that the press was still 
hot. The valve had sprung leak, 
and his piece wetlap had turned 
into hard, dense, dry board. 
wouldn’t split, splinter, crack, dent 
snag. 


This was the world’s first piece 
hardboard. 


Since that time, the uses for 
Masonite hardboard have become 
practically limitless. found 
everywhere the home furnish- 
ings field: walls, doors, ceilings, 
siding, and almost all types 
furniture. 


Masonite hardboard versatile (in its hundreds types, 
thicknesses, textures and sizes) that can used for boat 
decks basketball backboards, for refrigerators photo 
albums, for railroad cars billiard table tops. 


Almost anything that stands, lies flat, sits up, supports, con- 
tains, remains stationary, moves wheel, wind water 
has some use for Masonite hardboards. 


And that’s really using wood its fullest extent. 


Masonite Corporation, Dept. FPJ-9, Box 777, 
Chicago 90, Illinois. 


MASONITE 


CORPORATION 


®Masonite Corporation—manufacturer of quality pane! products for building and industry. 
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One Series 
FURAFIL FACTS 


DEPENDABILITY 


FURAFIL PLUS 


successful glue trial always encouraging; but 
more reassuring the same acceptable performance 
month after month and year after year. 


Resin glues extended with Furafil deliver dependably because: 
controlled chemical reaction. its manufacture. 


which readily reactive with the phe- formance back every bag. 
nolic resin solids. 


See your glue supplier for further details his recommended Furafil- 
extended glues. 


The Quaker 


CHEMICALS DIVISION 
343A The Merchandise Mart, Chicago 54, Illinois 
Room 6153A, 815 Superior Ave., Cleveland 14, Ohio 
Room 543A 120 Wall Street, New York New York 
Room S.E. Hawthorne Portland 14, Oregon 
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Profits begin here... 
while your board plant still the drafting stage 


Design faster production, greater product uniformity and more efficient operation into your 


WASHINGTON 
IRON WORKS 


new board plant right from the start, with the help your Washington press representative. 
Our job more than designing, engineering and manufacturing press and accessory equipment matched 
your specifications. When you are working out the details raw material source, process design, 
plant site and layout, capacity and end-product specifications, let show you how the latest develop- 
ments Washington equipment can make big difference 
your plans and profits. Call our representative early 
the planning stage obligation. Write call WASHING- 
TON IRON WORKS, 1500 SIXTH AVENUE SOUTH, SEATTLE 


WASHINGTON. 
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Important FPRS Dates 


September 28—October Midsouth Sec- 
tion Meeting, Memphis, Tenn. 

October 13-14: Ohio Valley Section 
Meeting, Evansville, Ind. 

October Northeast Section Meet- 
ing, New Haven, Conn. 

October Executive Board Meeting, 
Madison, Wis. 

October National Forest Products 
Week, Nation-Wide. 

October Pacific Northwest Sec- 
tion Meeting, Tacoma, Wash. 

October 19: Great Lakes Section Meet- 
ing, Grand Rapids, Mich. 

October Upper Mississippi Val- 
ley, Section Meeting, St. Paul, Minn. 

October 21: Northern California Section 
Meeting, Stockton, Calif. 

October Midwest Section Meet- 
ing, Madison, Wis. 


Wood Machining Abstracts 
Available for 1958-1959 


The Committee Recent Wood Machin- 
ing Literature, sub-division the former 
Wood Machining Division, has again com- 
piled annual report that contains 
cant abstracts selected from world sources 
the subject wood machining. 

The abstracts are designed 
terested persons locate recent publications 
the field. The first report, published for 
the years has achieved status 
authoritative source, and 
copies have been distributed 
throughout the world. 

This 19-page report divided into 
world-wide sources wood machining 
information. 

Section contains abstracts grouped ac- 
cording general subject matter. They 
used research, conferences and industrial 
directories; wood machining standards, ve- 
neer cutting, circular saws, 
frame saws, and planing. 

The committee consists McMil- 
lin, American Machine Foundry Co.; 
Hoyle, Potlatch Forests, Inc.; 
Franz, University Michigan; Lawrence 
Leney, University Missouri; and Richard 
Perkins, State University College For- 
estry, 

Single copies are available request 
Forest Products Research Society, Reader 
Service, 417 North Walnut St., Madison 
Wis. Additional copies are available 
cents each. 


Pulp and Paper Foundation 
Awards Scholarships 


The Scholarship Committee the Pulp 
and Paper Foundation, Inc., has awarded 
scholarships totaling $32,500 the School 
Forestry North Carolina State College 
for the academic year. Announce- 
ment the action was made 
college’s School Forestry, 
Pulp and Paper Technology Curriculum 
the School Forestry. 
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Section Meetings Honor 


National Forest Products Week 


least FPRS Sections have planned 
their fall meetings honor National 
Forest Products Week, October 16-22, 
week sponsored the fra- 
port the National Wood 
Program. 


Promotion 


“Know Your FPL” 


The Midwest Section will 
meeting Madison, October and 28, 
cooperation with the Forest 
theme the first session will 
“Know Your conducted honor 
the Laboratory’s Golden Anniversary. 
The morning session will consist 
resumé each division chief 
phase the research pro- 
gram. Included the afternoon session 
will panel discussion which the 
head the various divisions 
key personnel will available answer 
questions from FPRS member and guests. 

October 28, the topic 
sion will “Marketing Lumber Today.” 
James Elf, National Starch Products, Inc., 
Chicago, the chairman. The speaker 
the luncheon, scheduled for 12:30 
has not been named. The program will 
concluded with tour the labora- 
tory. 


“What the User Expects” 


Wayne Meek, chairman the Upper 
Mississippi Valley Section, 
nounced that the theme his 
meeting, held October and 21, 
St. Paul, the User Expects 
Wood The meeting will 
take place the School Forestry, Uni- 
versity Minnesota. Participants will 
tour the new Forest Products Building 
the School Forestry. Speakers, 
panel members, and other details will 
announced later. 


“Prefabs and Components” 


The Northern California Section meet- 
ing will held Stockton, Calif., 
October 21, reports Victor Roth, vice 
chairman and program director. High- 
lights the program will include talks 
Lewis Lewellen, National Homes 
Corporation, Newark, Calif., 
rication; Idaco Lumber 
Co., Healdsburg, Calif. 


and Lee Doud, Doud Lumber Co., 
Jose, components from 
retailer’s point view. Ivory 
Ivory Pine Co., Dinuba, Calif. will 
erate. Tours the California 
Products Co. and the McCormick 
Baxter Creosoting Co. will conduc 
the afternoon, followed cock 
party and banquet, featuring 
Co., and vice-president National 
ber Manufacturers Association. 


“To Buy Not Buy” 


Grand Rapids, Mich., the scene 
the Great Lakes Section meeting, 
ber 19. The technical session will cen 
around the theme, Buy, Not 
equipment. The honored guest and 
speaker, will Raymond Beiry. 
president FPRS. 


“Wood the Golden 


The Yale School Forestry will host 
the Northeast Section’s meeting, October 
and New Haven, Conn. Allan 
Hauter, chairman, has 
the general theme “What 
tail hour, banquet, business meeting and 
nationally-known speaker will 
tures the program planned for 
evening the New Haven Lawn Club. 
tour and demonstrations Yale’s New 
Greeley Memorial Laboratory will 
held Saturday morning, 
noon, will cheer 
Yale against Cornell the Yale 


for Wood’s 


“Research for Survival 
Market the theme the 
South meeting, September 
October Memphis, Tenn., 
McCrite, chairman. The dis 
ment planned for this meeting were 
viewed the July issue the 
Products Journal. 

Other sections that are planning 
ings during National Forest Prod: 
Week are the Pacific Northeast 
Tacoma, Wash., October and 18; 
the Inland Empire Section, October 
and 22. 
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STUDENTS THE FINISHING SEM- 
exchanging ideas during coffee break 
James Wedding, Imperial Desk Co., 
orth Carolina student observer; Robert 
ayles, Boling Chair Co.; and Rex Davis, The 
ine Co. 


Finishing School Spawns 
Ideas 


Sixty days after the close the Finish- 
Seminar, sponsored the Wood Office 
Institute North Carolina State, 
attended revealed practical ideas 
work, the result the course. Plant 
superintendents, engineers 
foremen examined subjects ranging from 
wood preparation and sanding, improved 
methods, such airless spraying and coat- 
ing machines. New methods 
quality control and Polyesters were treated 
the classrooms and the laboratory. 

This Seminar, the second WOFI spon- 
especially designed for Institute member 
nounced for 


Junior Scientists Help 


Six outstanding California youth have 
been serving during the summer “junior 
top-flight wood technologists 
research projects being conducted the 
University California’s Forest Products 
Laboratory Richmond. 

The young men, who were picked from 
the cream California high 
dents for the “research participation” pro- 
gram which supported the National 
Science Foundation, are Jeff Kane, 16, 
Hollister; Don Zwakenberg, 17, Pittsburg; 
Jim Disbrow, 17, Brad South- 
worth, 16, San Leandro; Paul Bagley, 17, 
Cerrito; and Charles Kimble, 
Benicia. 

the Laboratory, Zwakenberg 
ing Dr. David Brink, associate chemist, 
develop new wood pulping process, 
Bagley testing wood glues under the 
Carl Maxey, laboratory 
wood technology. 

Kane probing the mysteries wood 
with Dr. Arthur Anderson, 

leader wood chemistry, while 
Disbrow assisting Dr. Gordon Nichols, 
associate from New Zealand, 

idy wood particle board. 

Young Southworth investigating the 

shrinkage hardwoods during 

soning with Dr. Eric Ellwood, project 

ler timber physics, and Kimble 
ing Mrs. Addie Wong, laboratory 
hnician wood chemistry, identify 
chemical properties stain redwood. 
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EXAMINING NEW FINISHING TECH- 
NIQUE desk panel are (I. James 
Wedding; Professor Sigurd Johnson, North 
Carolina State College; Joyn Whiteside, The 
Lilly Co.; John Thornbury, Jasper 
Co.; and Professor Ray Carter, North Caro- 
lina State College. 


Pre-logging With Portable 
Steel Spar 


experiment conducted recently 
the Vancouver Laboratory, Forest Prod- 
ucts Laboratories Canada co-opera- 
tion with large west coast logging com- 
pany, showed that pre-logging with 
portable steel spar steep 
ground promises increase the qual- 
ity and quantity material recovered 
stands, typical many 
the west coast logging areas. 

Pre-logging practical only mul- 
tiple-storied stand containing 
volume the smaller diameter 
classes which suffer extreme breakage 
when felled one-step operation. This 
method would attain its maximum value 
when high quality material such poles 
and piling can included the pre-log 
material. 

the experimental area, all trees 
inches d.b.h. and under, the 
smaller merchantable snags 
falls were removed the pre-logging 
operation. This accounted for approxi- 
mately per cent the standing trees 
and per cent the available volume. 

This material was removed pro- 
duction rate approximately cubic 
feet per man-hour 2,800 ft.b.m. per 
man-day. Although the rate low when 
compared that obtained normal 
logging operations, this method shows 
advantage when compared other 
two-stage operations where the main log- 
ging followed re-logging. Not only 
was higher grade product recovered 
than similar area which 
logged following the main logging, but 
higher volume per acre 


BRI Prefab Conference 


With research conference 
ing one its features, the Building 
Research Institute will hold its 1960 Fall 
Meeting, Nov. the Shoreham Ho- 
tel Washington, Discussions will 
deal with the design and assembly com- 
ponents for various categories construc- 
tion, including on-site 
home building. 


THE LATEST FINISHING EQUIPMENT and 
methods application are explained 
instructor r.): Robert Bayles, 
Boling Chair Co.; James Wedding, Imperial 
Desk Co.; Charles Overstreet, The Lane Co.; 
and Rex Devis. 


N.C. State College Has 
Kiln Drying Course 


North Carolina State College 
sent its seventh annual kiln drying short 
course, Sept. the college campus. 
Featured this year’s program will con- 
trol moisture content, drying without 
degrade, fast drying systems, 
air drying. 

The five and half day course will 
conducted the College’s School For- 
estry, the Forest Products Laboratory, 
and the Southeastern Forest Experiment Sta- 
tion cooperation with the college’s Ex- 
tension personnel and the Southern Furni- 
ture Manufacturers Association, 

Instruction will cover all phases dry- 
ing and aimed conserving lumber, in- 
creasing kiln output, and obtaining mois- 
ture control. Included the teaching 
will Roy Carter and Stamm, 
both professors wood technology, 
State College; Walton Smith, Rufus 
Page, and Louis Gabby, Southeastern 
Forest Experiment Station; Ray Rietz, kiln 
engineer, Forest Products Laboratory, Mad- 
ison, Wis.; and representatives from Red- 
Moore Dry Kiln Co., Jacksonville, Fla.; 
and Delmhorst Instrument Co., Boonton, 


Delmhorst Co. Sponsors 
Research Wood 
Physics 


Dr. Eric Anderson, chairman the 
Department Wood Products Engineering 
the New York State University College 
Forestry Syracuse, told that the Delm- 
horst Instrument Co. Boonton, N.J. has 
sponsored basic research project the 
electrical properties wood. 

Recipient the $500 summer research 
fellowship College graduate 
student—Elvin Choong Indonesia. 
Choong candidate for Doctor 
Philosophy degree wood products engi- 
neering, specializing wood physics. Dur- 
ing his three-month exploration 
attempted find out how measure, 
remote control, the moisture content 
wood being dried dry kiln. 

Director the 12-week, scientific study 
Dr. Christen Skaar, associate professor 
wood products engineering the Col- 
lege Forestry. 
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Denman Nelson 


Two FPRS members were among the 
new division vice presidents created 
Southern Pine Lumber Company 
the regular midsummer meeting 
Board Directors, July 28, according 
Arthur Temple, Jr., president. The new 
are Kenneth Nelson, 
dent for Land Timber; Joe Carter 
Denman, vice president for Lumber Prod- 
ucts; Carroll Allen, vice president for 
Fiber Products; and Clyde Thompson, 
vice president the Forest Harvest Di- 
vision, 


Frank executive vice 
president the American Institute 
Timber Construction, reports 
tions the AITC staff. Thompson 
has been named building code specialist, 
“to work extensively with building code 
officials and similar groups, and 
Wibbens has joined engineering 
assistant Mr. Hanrahan. 

District managers for the Western Op- 
erations Department the Borden 
Chemical Company have been announced 
Hanson, geenral manager. They 
are John Runkel, who will responsible 
for the sales and manufacturing 
ties the products Ore- 
gon, Southern Idaho and Wyoming; 
and manufacturing the Washington 
and Canada areas; and Butler, who 
charge all sales and manufactur- 
ing the California area. 


William Keady, president and Fibre- 
board Paper Products Corporation, has 
resigned after years chief 
will continue Director and will 
charge the company’s foreign 
operations. Carey, vice president, 
marketing, has been president and 
chief executive officer. has been with 
Fibreboard since 1957. 


has been promoted assistant the 
Company, has been 
Hahn, sales manager the firm. 
Mr. McCurry will engaged principally 
field sales work with major hardboard 
users areas not covered company 
sales representatives. 

Minnesota and Ontario Paper com- 
pany graduate research 
$1500 has been awarded Richard 
Trochlil, 1959 graduate the Uni- 
versity Minnesota School Forestry. 
Announcement the award was made 
jointly George Amidon, woodlands 
director for the company, and Kau- 
fert, director the School Forestry. 
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Herbert Sampert, industrial forester 
and executive, has been 
turer and associate specialist the Uni- 
versity School Forestry 
Berkeley, with responsibility 
search forests. 


Positions Offered 


E-401 Mid-West company seeking 
consultant organization individual 
several individuals take new product 
(folding doors) line. Desire man take 
the product from the detailed engineering 
drawing stage through the finished product. 
Will furnish him with detailed drawings 
and set specifications. Present facilities 
his disposal. Will also furnish esti- 
mate projected volume. (Sept.) 


Employment Wanted 


617—Engineer, Mechanical 
trial, with wide experience Woodwork- 
ing and Finishing. Recent experience with 
particle board and polyester finishing seeks 
managerial position (Sept.) 


618—Quality Control Product Devel- 
opment wanted Wood Technologist 
with B.S. degree. Four years’ experience 
glued laminated timbers and four years’ ex- 
perience plywood Age 33, 
with children. (Sept.) 


619—Wood Technologist with 
experience production, and 
forest land evaluation Southeast with 
company producing sewing 
inets. Desire like position with company 
with future. B.S. General Forestry and 
M.F. Wood Technology. Prefer East and 
South. Age 38, married, one child. Resume 
request. (Sept.) 


620—Plant years’ ex- 
perience production management and in- 
goods) and dimension plants. University 
graduate with B.S. Wood Technology. 
costs, incentives, layout, etc. Desire posi- 
tion plant superintendent equal. Age 
34. Prefer Mid-South location. (Sept.) 


POSITION OFFERED 


State Agricultural Experiment Station has 
challenging opening for research man 
direct progress forest products inves- 
tigations. New wood utilization research 
laboratory with excellent equipment and 
considerable latitude developing broad 
program find new uses for low quality 
wood. Ph.D. M.S. with additional 
graduate training required. Request appli- 
cation form from Chairman, Department 
Forestry, Ohio Agricultural Experiment 
Wooster, Ohio. 


MILLED PATTERN 


STAY SHARP LONGER 


erances and exacting specifications. 

Y-A bits fit all standard makes 
terheads ... available any desired 
pattern. 

Longer wear between grindings. 
longer bit higher production. 

Quality controlled*through each step 
processing. 

Withstand shock and 
duce smoother finish. 

Fast delivery from nearest office. 

Send sketches, wood samples, sam- 
ple bit for quotation. 

Special bits Y-A engineered your 
specific conditions. 


Over years service industry 


MACHINE COMPANY 


COMPLETE... 
SUPPLY CATALOG 
for all woodworking needs 


AND TELEPHONE 
ORDERING SERVICE 


MACHINE 
773 4TH ST., BELOIT, WISCONS 


Please send further information 
Send complete supply catalog 


NAME 

COMPANY 

TITLE 

CITY STATE 
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development the strong tendency 
recent years toward thin-shell and 
stressed-skin types construction. The 
first bird lay egg understood the 
theory quite well, but took people 
quite number years learn how 
shell could made into rigid 
structural member merely building 
stiffening curvature into it. For in- 
stance, flat strip gauge steel, 
inches wide and feet long, will 
Rolled and secured into 3-inch- 
diameter tube, however, will support 
weight automobile. The tube 
comes under the classification singly 
surfaces, which also would in- 
lude long-span barrel arches, 

Domes, which were formerly con- 
heavy masonry blocks, are 


Presented the Wood Industries Confer- 
Sept. 12, 1959, Portland, Ore. 


Authors: James Pierson, Portland en- 
eer, developed the engineering aspects of the 
cooperation with John Storrs, Port- 
1 architect, who was the designer. 
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Hyperbolic Paraboloids Wood 


Portland, Oregon 


Forest Products Pavilion 
the Oregon Centennial 
striking example 
wood’s ability 
combine beauty with util- 
ity imaginative 
modern design. 


tures, like eggs, and would classi- 
fied doubly curved surfaces. The ad- 
vantage the latter over the former 
that will resist deformation any 
direction. 

The hyperbolic paraboloid similar 
the dome that doubly curved, 
but where the dome completely 
convex, the hyperbolic 
convex one axis and concave the 
other. 

The building described here made 
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paraboloids. dimensional 
tion one them will illustrate their 
construction, 


The plan dimension each 
feet square. The supporting points are 
feet above the floor, while the high 
points are feet above the floor. 
The roof made two layers 
25/32 inch flooring. designed 
carry total load approximately 
85,000 pounds. Imagine, you can, 
what the result would the roof 
had been feet square, inches 
thick, supported two corners, loaded 
85,000 pounds, and built flat. 
course the building has never had 
sustain the design possibly 
never Although would in- 
teresting measure its deflection un- 
der such load, would not 
cause for concern, The double curva- 
ture built into the roof makes im- 
possible for deflect appreciably 
without changing the relative position 
the boards each other. There 
was considerable thought given var- 
ious methods provide resisiance 
such relative movement. 
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FOREST PRODUCTS PAVILION the Oregon Centennial, Portland. Photos courtesy West Coast Assoc. 


Fig. 1.—Second layer has been completed the bottom surface, and the edge-stiffener 
has been nail-glued. Span diaphragm feet; slope length one side paraboloid 


feet. 


would appear that most structures 
based the hyperbolic paraboloid 
shape have been constructed other 
countries than the United States, and 
that most them have been con- 
structed reinforced concrete. This 
because concrete easily molded into 
warped shapes, and also because 
relatively simple provide strength 
points high stress with the in- 
clusion reinforcing steel. This 
building has shown that com- 
paratively simple the same job 
with wood. The method analysis 
stresses the structure the same 
for either concrete wood, and, pos- 
sibly, mental picture the manner 
which the material works under the 
stresses more easily formed look- 
ing the roof, photos it, than 
would possible looking concrete 
without the character natural wood 
finish. 

The edges each roof are straight. 
you were able see along lines 


parallel any the edges, you would 
see that all lines paralleling edges 
plan are straight. This 
forming the shape for construction 
with any material can accomplished 
with straight lumber. Now, looking 
the boards the bottom layer the 
roof (Fig. 1), seen that they 
are parallel the diagonal axis 
the roof through the supports. 
arches which terminate the edges 
The thrust each arch the edge 
can broken into components, one 
acting perpendicular and toward 
the edge, and one paralleling the edge 
toward the low corner the roof. 

Now, imagine the boards 
top layer the roof, running parallel 
the diagonal axis through the high 
bolic suspensions that also terminate 
the edges the roof angle 


t 


Fig. edge beam, designed stiffen the diaphragm, 
put place. Success the paraboloid depends the connection 


wood diaphragm edge stiffener. 
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the direction the arches. Each 


pension exerts pull the edge 


can broken into components, 
acting perpendicular and away from 


the edge and one paralleling the 


toward the low corner. When com- 
ponents the arches and 
are combined, those acting toward 
away from the edge neutralize 
other, and those paralleling the 
toward the low corner add 
thrust toward the support. The sur 
mation the forces that contribute 
this thrust determined means 
mathematical equation which tak 
into consideration the size and 
load the roof and also the rise 
pitch. The last quite important 
that the thrust becomes much 
the pitch flattened. 


Transmission Forces 


After the thrust per foot along 
edge determined, the total 
lated thrust along the edge 
support the force that 
transmitted each edge-stiffeni 
beam into the supporting buttres: 
With the various forces involved 
tangible form, then possible 
design each member 
connection its job, and 
attempt build that way. 


forces involved this particular 
ing. The force transmitted 
layer decking amounts approxi- 
mately 700 pounds per foot 
each layer acting degrees the 
order that all forces perpendicular 
the edge effectively neutralized. 
the two layers are secured each 
other over the entire area means 
heavy, power-driven wire stapes, and 
gluing the two layers together 
four-foot-wide strip along all 
The components the forces the 
two layers paralleling the edges com- 
per lineal foot edge, total 
approximately 
thrust along each edge into the 
porting buttresses. The edge-stiffen 
members provided carry this 
laminated wood beam top and 
each edge. The bottom beams 
shop-fabricated full size and 
and were shored into place 
edge templates for the deck. 
necessary build quite twist 
the beams they would conform 


the varying slope the decking. 


Interior form joists, parallel 
sides, were supported 
pre-determined elevations 5-foot 
tervals. Glue was spread the 
surface the bottom edge beam 
the bottom layer decking 


fie ~ - 


t 
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and nailed. With the 
layer decking place, the top 
was placed over and secured 
vith the wire staples. Glue was spread 
etween the layers the outer 4-foot 
and the ends the boards were 
through the bottom layer into 
bottom stiffening With the 
all place, the top stiffening 
cam was built onto the deck glu- 
and nailing, thickness time, 
thicknesses 1-inch 10-inch 
Extra thicknesses 1-inch 
oards were added the beams ad- 
the supports provide addi- 
onal stiffness where the maximum 
occur. 


should noted that, specify- 
the nailing requirements for the 
assembly, the nails normal working 
stresses are adequate transmit the 
thrust from the deck the edge 
beams, but actually the nails only 
work hold the boards together until 
the glue has set. The average maxi- 
mum glue-line stress computed 
less than pounds per square inch. 
believed that, the roof com- 
pletely dependent nails for the 
transmission the forces, there must 
some deformation before the nails 
can begin work, whereas deforma- 
tion would negligible bring the 
glued joint full stress. With the 
grain the boards joined 
and degree angles, however, 
imperative for the boards 
dry that there will 
additional shrinkage. Otherwise, not 
much dependence can put the 
strength the glued joint. 


The edge-stiffening beams were 
erected and assembled with their lower 
ends direct bearing into steel bear- 
ing shoes previously anchored and 
embedded the concrete buttresses. 
The footings are placed under the 
buttresses that the combined vertical 
loads imposed are the center the 
footings. The horizontal forces result- 


Fig. 4.—Applying first lamination 1-by-6 Douglas-fir lumber. Note that purlins are 
straight lines and that the curve achieved laying the from buttress buttress, 
rather than following the line the supporting purlins. 


ing from the thrust each roof are 
resisted tie rods embedded con- 
crete under the floor between the but- 
tresses. Lag bolts through the bearing- 
shoe side plates into the edge-stiffening 
beams resist any lifting tendency that 
results from wind pressure under 
negative pressure eddy currents over 
the roof. was also necessary, with 
the open strip between the roofs, 
provide the steel extensions the in- 
terior high points the roofs they 
could rigidly connected and thereby 
stabilize each other. 


The Next One Will Easier 


might expected, there were 
some things learned here, that could 
make another job like easier bet- 
ter constructed. 


operations stop when the ma- 
terials are wet. 


Fig. 3.—Peak connections were skeletons four paraboloids lean 
against each other this high point. The space between adjacent para- 
boloids filled with corrugated plastic skylight. 
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Although the material cost will 
somewhat higher, having the 
deck boards glue jointed into 
full length pieces will effect 
actual saving cutting labor 
costs, and will result 
stronger building. 


Glue jointing the the 
top edge-stiffener beams into full 
lengths could give improve- 
ment strength. 


There have been articles 
tures print other roofs this 
type various locations around the 
world, but none the knowledge 
the authors large these. Con- 
siderably larger roofs with the same 
pitch characteristics these can 
built wood quite safely, the pitch 
flattened appreciably, the extremities 
the roof will more subject 
deflection and vibration. the pitch 
steepened, the roof becomes more 
rigid, but the height might exces- 
sive for most buildings. single 
hyperbolic paraboloid roof with three 
corners supported the same 
tion and one free corner raised will 
make stable roof that could adapt- 
able quite number uses. 


was most interesting and 
fying experience able work 
out the engineering design for the 
project. Such opportunities occur very 
was definitely reassur- 
ing see the contractor and his men 
take the ideas put paper and turn 
out finished product that actually 
exceeded expectations. And was 
interesting note the feeling the 
craftsmen the They likened 
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Plastics Div., Monsanto Chemical 
Co. Seattle, Wash. 


Sodium pentachlorophenate 
(1%) added the resin 
before sprayed chips 
should protect phenolic 
boards satisfactorily. Urea 
resin boards failed under 
extreme exposure conditions. 


PARTICLE BOARD INDUSTRY, 
especially the West, has shown 
phenomenal rate growth the 
last few years. This growth, course, 
associated with growing list 
uses for the product. was forseen 
that, this product could 
made termite proof, could well have 
unique advantages leading substan- 
tial usage termite-infested areas. 
the tropics and semi-tropics, for ex- 
ample, the termite problem regard 
wood products has not had com- 
pletely satisfactory solution. Preserva- 
tion solid wood impregnation 
toxic material time-consuming and 
costly equipment and handling. 
get effective distribution the 
chemical throughout the lumber, care- 
ful and exact steps must followed. 
Excellent and thorough distribution 
toxic chemical particle board, 
however, would involve only the addi- 
tion the toxic material the fur- 
nish with other increase manu- 
facturing costs, With thorough distri- 
bution the toxic chemical the 
product, satisfactory insect proofness 
chemical present. One toxic material 
that has proven very satisfactory for 
lumber treatment and that also quite 
insoluble 
addition, was determined that this 
chemical its salt form could 


Originally presented the Winter Meeting 
the Pacitic Northwest Section, FPRS, Feb. 
1959, Coos Bay, Ore. Revised and addi- 
tional data included May, 1960. 


434 


PROTECTION FROM TERMITES: 


Penta 


UREA RESIN 
5.75% PENTACHLOROPHENOL @ 
i YEAR EXPOSURE ‘4 
3/4 INCH THICK 


easily applied the particle furnish 
along with the resin. 

the winter 1956, Monsanto 
initiated study with 
phenol determine how best ter- 
mite-proof particle Basically 
the investigation was designed study 
the amount pentachlorophenol 
needed for protection and the length 
time that this protection was ef- 
fective. First all, boards were made 
the laboratory determine that 
pentachlorophenol was not detrimental 
other board properties. When the 
boards were tested and shown 
satisfactory, other exposure tests were 
carried out. late 1957, mutual 
program was also initiated with Pac- 
qua, Inc., Particle Board Division 
Pacific Plywood Co., whereby com- 
mercial boards would 
incorporated, 
and then these boards would sub- 
jected extensive tests including the 
field test for determining termite and 
decay resistance cellulose fiber ma- 
terials. These exposure plots are main- 
tained Organic Chemi- 
cals Division Pensacola, Florida, for 
the exclusive testing termite 
activity. 

Secondarily studied the investiga- 
tion were the methods addition and 
effect pentachlorophenol process 
variables and such board properties 
strength, color, and 
bility. Two chipboard binders, urea 
and phenolic resin, both current 


Fig. urea resin (6%) board, inch thick, 0.75% penta, year exposure 
Right: phenolic resin (4.5%) board, inch thick, 0.75% penta, year exposure. 


3 4.5% PHENOLIC RESIN 

75% PENTACHLOROPHENOL 
i YEAR EXPOSURE 
3/4 INCH THICK 


commercial sales, were used 
ing agents both the laboratory 
the mill preparation. 

simplify this presentation, will 
two parts. Part will deal with 
the evaluation the boards exposed 
termite attack, Part will deal 
with recommendations for use and 
general manufacturing conditions, and 
will discuss the retention the 
chlorophenol the board before and 
after exposure. attached appendix 
gives standard conditions 
ture, description the plots, and 
brief description pentachlorophenol 


and one its salts, sodium 
pentachlorophenate. 
PART 


Laboratory Prepared Panels 


Two sets boards were 
the Monsanto Research 
under standard conditions, with 
set bonded with urea resin and one 
with phenolic resin. 
was incorporated into the board 
levels 0.0, 0.75, and 1.25 
Controls were tested the laborat: 
and the remainder the board 
ples were installed the Florida 
plots for exposures six 
year, two years and three 
samples are evaluated and tested 
each examination. date, only 
six-month and one-year exposures 
been evaluated. 


SEPTEMBER, 
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examination the urea resin 
boards for the six month ex- 
osure period from August, 1957 
1958, showed the boards 
weaker strength and some- 
hat swollen compared the con- 
ols. They exhibited some moderate 
gns termite activity the nominal 
and 0.75 percent levels penta- 
ilorophenol. Those boards with 
1.25 percent pentachloro- 
showed signs termite at- 
ck. This was period unusually 
weather for Florida, however, 
this was thought impair termite 
tivity; therefore, the six months ex- 
results may not entirely 
presentative. 

After one year exposure, the 
boards were noted 
excessively wet and swollen and 
had lost about percent their 
strength. They were moder- 
ately heavily attacked termites. 
addition the termite attack, mold 
mens. Decrease Modulus Rup- 
ture was probably due deteriotation 
resin the case urea resins and 
not necessarily the result decay. 
Conditions that normally promote in- 
fection with decay-causing organisms, 
high humidity, moisture, and forth, 
also deteriorate urea resins. ques- 
tionable what causing the great- 
est damage, decay, termites, urea- 
resin deterioration. 

Table listed complete tab- 
ulation the test samples after ter- 
mite exposure six months and one 
year. this table, strength reported 
modulus rupture, which indicates 
beam strength per unit thickness. 
Since swelling has occurred, follows 
that the actual breaking load has not 
declined quite much the indicated 
MOR, but neither would valid 
calculate MOR for the actual break- 
ing load and the original thickness. 


The phenolic-resin 
with the urea-resin boards, were ex- 
posed for the first six months during 
the unusually cold weather, The only 
sign any termite attack six 
months was very slight and confined 
the board with 


nol. The boards protected with and 


percent pentachlorophenol 
showed signs termite activity. 
one year exposure, the phenolic- 
boards were moist and moder- 
swollen, and when compared 
‘he controls, the strength had de- 
about percent, There 
considerable termite damage the 
ard samples that contained penta- 
the pentachloro- 
enol concentration increased, the 
mite activity decreased, the point 
the boards containing 
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TABLE | TERMITE EXPOSURE EVALUATION - SERIES I 


LABORATORY PREPARED BOARD 


Binder Pentachlorophenol | 0 Mo.| 
-85% +15% O- O-S H 


389 - 892 - 940 


H*-M-M* 
M-H-H 


1708 | 707 464 . 886 - 905 O] VS-S-M* 
-59% | -73% +13% +16% O} S*-M-H 


Monsanto 

Phenolic 
Resin 
PF575 


Code letters referring to termite activity are positioned according °o - No termite attack 
to the six specimens of each experiment: vs = Very slight 

s = Slight 

M - Moderate 

H = Heavy 

= Moldy 


gible termite activity. (See Table I). 
was also noted that there was 
mold attack any the phenolic 
board samples. 

the basis these tests ap- 
parent that the protection afforded 
pentachlorophenol against termite at- 
tack ineffective preserve urea- 
resin-bonded boards through one year 
ent the urea-formaldehyde-resin 
bonded boards were swelled and 
weakened that the pentachlorophenol 
was longer determining factor 
board deterioration, All the phe- 
nolic-resin-bonded specimens with 0.75 
1.25 percent pentachlorophenol con- 
tent were preserved during the first 
year exposure, while the untreated 
controls were badly damaged ter- 
mites. There was mold attack 
bonded specimens, either with with- 
out pentachlorophenol treatment. 

summarize the results obtained 
from the laboratory-prepared boards, 
may said that the preservation 
provided pentachlorophenol the 
phenolic-resin-bonded specimens was 
apparently not achieved the urea- 
bonded specimens. 

the untreated specimens, the ter- 
mite attack appeared less severe 
the urea-resin-bonded boards than 
the phenolic- resin-bonded boards, The 
urea-resin-bonded boards were deteri- 
orated, however and subsequent ter- 
mite attack could large degree 
obscured. addition, speculate: 
extreme moisture has been known 
inhibit termite attack. 


Commercially Produced Panels 


verify the results obtained with 
laboratory prepared panels, second 
series boards were made the field 
with the co-operation Pacqua, Inc., 
Particle Board Division Pacific Ply- 
wood Company. These commercially 
manufactured boards were made 
two groups: one group was bonded 


with urea resin and the other with 
phenolic resin. 
phenate, the sodium salt form 
pentachlorophenol, 
into the urea-resin board based the 
weight oven-dried chips, in- 
tended nominal content 0.0, 0.3, 
0.65, and 1.0 percent. The pentachlor- 
ophenate was dissolved directly into 
the resin-size mix and 
onto the chips with the resin. The 
board was then formed 
under standard conditions. Control 
specimens were retained and tested 
the laboratory and the remainder 
the board samples were installed 
the Florida test plots for exposures 
16, and months. Six samples are 
evaluated each examination. 
date, only the 4-month and 16-month 
exposures have been evaluated, 

The urea-resin boards, the time 
inspection four months exposure, 
showed excessive wetness and swelling 
all board specimens. With the 
boards containing 0.0 and 0.3 percent 
pentachlorophenate, there were 
signs slight termite attack. those 
boards containing 0.65 and 1.0 percent 
pentachlorophenate, there was sign 
any termite activity after four 
months exposure. four months 
exposure, however, the urea-resin- 
bonded boards all lost from 
percent their original strength. 
There was also 
amount thickness swell, 
specific gravity decreased over the or- 
iginal controls about 
months’ exposure there was evi- 
dence termite attack all boards 
with the exception the board con- 
taining nominal 1.0 percent level 
sodium pentachlorophenate. 

The phenolic-resin boards, after 
four months exposure, were slightly 
swollen and damp. Those boards that 
contained percent pentachloro- 
phenate showed sign any termite 
activity. The board specimens that had 
pentachlorophenate all showed 


435 


and 
-47 -56 - $124 -17 H-H-H 
15% 1117 | 988 . 882 - 892 0-0-0) VS-0-O 
-44% | -50% +14% +16% 0-0-0] VS-VS-O 
984 - 794 |. 884 890 0-0-G.0-0-0 
-42% +11% | +12% 0-0-Q0-VS-O 
|- 
id 
id 
id 
1X 
nd 
m 
d 
t 
e 


Fig. 2.—Urea resin (6%) boards, inch 
thick, penta, year exposure. 


traces termite activity that ranged 
from slight heavy. was noted 
that the strength stability the phe- 
nolic boards was much greater than 
that the urea-resin-bonded boards, 
and that the average decrease 
strength over the original control was 
about percent, Also, the change 
specific gravity was half that ex- 
perienced with the urea-resin-bonded 
boards, the average decrease being 
about percent; however, this 
largely attributable difference 
bonding resins and not directly 
sult termite damage. 

After months exposure there was 
termite attack all boards. Appar- 
ently the nominal levels sodium 
pentachlorophenate used are not high 
enough achieve retention 
for protection. 

summarize all the results after 
months exposure commer- 
cial board, all boards treated with 
sodium pentachlorophenate excess 
cent chips were effectively 
protected for period months. 
the 16-month evaluation all the boards, 
with the exception the urea-bonded 
board with 1.0 percent nominal ap- 
plication 
ate, showed evidence some termite 
attack. However, termite attack this 
urea board, any, could easily ob- 
scured the loosening the bond, 
and general degraded appearance 
from lack moisture resistance. Over 
all, the urea boards did not show 
much termite attack did 
the phenolic boards; however, men- 
tioned above. they were grossly de- 
teriorated, and subsequent termite at- 
tack could large degree 
obscured. 

Upon examining Tables and 
and 6), seems apparent that 1.0 
percent nominal addition sodium 
pentachlorophenate not sufficient for 
effective termite protection. nom- 
inal 1.0 percent level assay about 
phenol being achieved. With test 
interpretation and brief review 
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Fig. 3.—Phenolic resin (4.5%) boards, 


TEAR 
DROW 


inch thick, penta, year exposure. 


literature, this level not believed 
sufficient supply effective, long-last- 
ing preservation, recommended 
that least 0.75 and preferably 1.0 
percent retention active pentachloro- 
phenol attained for adequate 
protection. 

obtain additional data regarding 
retention pentachlorophenol, fur- 
ther experimental run was made 
Pacqua, Inc,, early April, 1960, 
nominal application levels 1.5 and 
percent sodium pentachlorophen- 
ate the board. These boards are 
being assayed for their pentachloro- 
phenol retention, and addition will 
added the Florida plots. Until 
evaluation made these boards, 
believed that the nominal sodium 
pentachlorophenate should 
creased from 1.0 1.5 percent. 

conclusion, based all tests 
date, appears safe say that the 
phenolic boards protected 
cent active pentachloro- 
phenol will withstand year expos- 
ure under extreme conditions con- 
tact with ground and would probably, 
actual use under less extreme con- 
ditions, perform satisfactorily the func- 
tion for which they were intended. 
Under the conditions the severe ex- 
posure test, either phenolic 


TABLE I 


Fig. 4.—Urea resin (6%) boards, 


thick, 0.75% penta, year exposure. 


board without pentachlorophenol 
urea-resin board with any level 
can considered unsatisfactory. 
the case the 
boards without penta, the failures 
due termite damage. 
bonded boards with without pe: 
failures are due general 
tion termite damage 
through leaching and loss 
chlorophenol), 
mold, and resin 

logical question that may 
concerns the use untreated 
chlorophenol-treated urea-resin 
for interior purposes tropical 
that urea resin vulnerable 
dinately high humidities and 
tures combination, not known 
how long, terms years, urca 
binder will withstand moderately 
vere conditions. should also un- 
derstood that there are many 
species wood-attacking termites, and 
that these different species prefer 
ing habitats. Most species, however, 
especially the tropical varieties, 
relative humidity and over 80°F. tem- 
perature. For this reason, comphe- 
hensive, long-range study termite 
resistance and durability 


TERMITE EXPOSURE EVALUATION- SERIES 2 


COMMERCIALLY PRODUCED BOARDS 


Sodium 
penta % Pentachlorophenol 


Before 
Exposure] 4 month 


Panel 


Thickness 


chlore- 
phenate 


5/8 0.65 
| 
5/8 1.00 
4 ( 


3/ 


Monsanto} 
jPhenolic 
Resin 
PFS75 


Assay Exposure | 4 ments 


Controls vs. Exposed} Controls vs. E» sed 
Specimen Specimen 

% Charge in MOR % Change in \y_| 

16 m | 

— 

—| 


Moldy No Termite Activity 
Drop in density and strength due to physical loss of wood VS- Very Slight 

S- Slight 

M- Medium 

H- Heavy 


SEPTEMBER, 1950 


| 
Termite Activicy 7 
Urea |. O-VS |M_VS-H _] 
VS-0-9 | VS-0-0 
at Q-0-O VS-0-O 
6% 0. 83 0.39 0-0-0 | 0-0-0 | 
0 0 0 S-VS-S H-H-H ~23% -6% 8% | 
4.5% 3/8 1. 00 0 83 0.52 0.50 0-0-0 | S-VS-VS -32% -47% “8 -8% 


q 
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4. PRENOLIC RESIN 
9. PENT 
YEAR EXPOSURE 

3/4 INCH 


5.—Phenolic resin (4.5%) boards, 
inch thick, 0.75% penta, year exposure. 


urea-resin and 
particle board under 
use-conditions should 


PART 


Recommended Methods Han- 
dling and Use Pentachloro- 
phenol Particle Board 
Manufacture 


Based best knowledge date 
gained from results from experimenta- 
tion the field and laboratory, the 
techniques, recommenda- 
tions and observations can 
gested the use pentachlorophenol 
particle board. 

For ease handling 
tory solubility characteristics, sug- 
gested that sodium pentachlorophenate 
used. This sufficiently water 
soluble sale (to percent) penta- 
chlorophenol. Sodium pentachloro- 
phenate available either powder, 
pellet, briquet form. Generally, 
date, commercial production the 
pelleted form used percent 
weight the bone-dry chips. Cur- 
rently underway research work are 
evaluations various other concentra- 
tions. Technical 
phenate contains about percent 
for equiva- 
lency active pentachlorophenol, 
slightly more should used. From 


TABLE L 


Nominal 
Sodium 


Fig. 6.—Urea resin (6%) boards, inch 
thick, 1.25% penta, year exposure. 


presently available data, however, the 
actual amount, within few tenths 
one percent, included 
phenol does not appear too sen- 
Until the completion lab- 
oratory work, one percent weight 
being recommended. This usual 
amount pentachlorophenol used 
lumber poles and tie treating for ter- 
mite and insect resistance. 


The recommended method ad- 
ding pentachlorophenate the chips 
technique developed Monsanto 
whereby the desired amount penta- 
chlorophenate dissolved directly 
the resin and applied the chips 
the same time through the same sprays 
that the resin applied. This assures 
good distribution and facilitates ease 
handling and usage. With urea 
resin, because its relatively neutral 
pH, desirable that, once the penta- 
chlorophenate added, the 
thoroughly agitated insure rapid 
dissolving. One drawback using 
pentachlorophenate with urea resin 
that raises the the resin ap- 
proximately units. This turn 
calls for longer press times achieve 
satisfactory cure the urea resin, and 
course, the normal interrelation 
flow, cure, and forth the resin 
necessarily altered. has been 
found necessary times increase 
press times approximately 
percent when urea resin used. 


ASSAYED PENTACHLOROPHENOL N BOARD 


COMMERCIALLY PRODUCED BOARD 


4 Month 
Exposure | 


ntended No 
Net Exposure 


| Thickness | Binder |Pentachlorophenate | Pentachlorophenol | Analysis Analysis | 
= 


5/8" 6% UF - 0% 


0 0. 0% 0. 0% 0. 0% 
0.3 0.25 0.19 0.11 
0.65 0.54 0. 34 0. 18 
| 1.0 0. 83 0.49 0.39 
3/4" 4.5%PF 0.0 0.0 0.0 0.0 
1.0 0. 83 0.5 0. 38 
3/8" 4.5%PF | 0.0 0.0 0.0 0.0 
L 1.0 0. 83 0.52 0.50 
| H Nominal ntended No 1 Year 
Thickness Binder Pentachlorophenol Net Exposure Exposure | 
| Pentachlorophenol, Analysis | Analysis 
—* = 4 
| 
| 0.75 0.72 0.52 0.50 
0.0 0.0 0.0 
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PRENOLIC 
3.29% PENT 
YEAR EXPOSURE 

3/4 THICK 


Fig. 7.—Phenolic resin (4.5%) boards, 
inch thick, 1.25% penta, year exposure. 


when 
used with phenolic chipboard resins, 
does not exhibit these drawbacks. Be- 
cause the original alkalinity the 
phenolic resin, the pentachlorophenate 
dissolves very easily with minimum 
amount agitation, and does not 
greatly disturb the characteristics 
the resin, that there signi- 
ficant alteration the resin system. 


should mentioned that, sus- 
tained production preservative- 
treated particle board, will undoubt- 
edly feasible use the cheaper 
form pentachlorophenol, penta, 
rather than the 
phenate, such devices the pre- 
addition caustic the penta the 
dissolving finely divided penta into 
agitated resin. 

There indication that renten- 
tion preservative under exposure 
conditions quite good for phenolic- 
bonded board, while urea-resin-bonded 
board has lost percent 
leaching Table 3). explana- 
tion obvious for the difference be- 
tween intended penta percentage and 
assayed penta, although possibilities 
include imperfect input measurement, 
loss vaporization, improperly 
calibrated assay. Comparison the 
assays treated, unpressed furnish 
and pressed board indicate that little 
lost pressing, and that the dis- 
crepancy between the amounts added 
and the amount assayed (see Table 4). 

Both pentachlorophenol and sodium 
pentachlorophenate and 
ous other successful preservatives can 
leached from the board sub- 
jected sufficiently severe and con- 
tinued leaching as- 
sumed here that major chemical 
bonding takes place. Even the latter 
the case, interest should how 
effective and lasting are the anticipated 
preservative properties, regardless 
the leachability retention. of- 
ten the case that, under certain condi- 
tions, preservative can rendered 
entirely insoluble and the same time 
ineffective. The practical 
provided test plot sites later 
evaluations. The pentachlorophenol 
slightly volatile under normal pressing 
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conditions, and there probably some 
loss. From our analysis penta un- 
exposed boards, however, this does not 
appear significant. (See Table 
3). There are indications that the 
lower around the edges the board. 
This conceivable since the penta is, 
some extent, mentioned, steam 
volatile. 

Pentachlorophenol 
phenate, when used with phenolic 
resin, has been noted impart 
slightly reddish purplish tinge 
the board surface. Other 
face and properties, includ- 
ing water absorption and dimensional 
stability, have not been noticably 
affected. 

Appendix 


Description Exposure Proced- 
ure Termite Plots: One hundred 
and eight specimens particle board 
made the laboratory were installed 
the Pensacola, Florida, test plot 
August, 1957; 144 specimens com- 
mercially produced board 
stalled May 1958. Specimens were 
cut inches inches, and adjacent 
no-exposure controls were retained 
the Seattle Laboratory. 

The method installation 
position two specimens the ground 
with long edges parallel and con- 
tact with the sod, tightly sandwiched 
between pair bricks, Another pair 
placed against the otherside one 
brick and make row one 
brick-length wide and one brick-width 
high. The ends are buttressed with 
extra bricks. Over this row are posi- 


DIELECTRIC HEATING AND 


TABLE .V 


Pentach!oroptenol Content Percent 
Based on Equilibrium Weight of Finmshed 
Board Conditioned at 75°F, , 50%R.H. 


20 
-18 


tioned more bricks laid flat 
vent direct rain weathering the 
specimens. 


Manufacturing Conditions Lab- 
oratory Prepared Panels: The speci- 
mens were made with 
nominal pentachlorophenol content 
0.0, 0.75, and 1.25 percent. These 
boards were made inch thick and 
intended specific gravity 0.65. 
Urea resin was sprayed agitated 
chips percent and petrolatum size 
0.5 percent. The phenolic resin was 
used likewise 4.5 percent and the 
petrolatum size 0.5 percent. The 
pentachlorophenol was 
ethanol and separately applied the 
intended percentages. The urea-resin- 
bonded board was pressed 300°F. 
for minutes, and 
bonded board was pressed 350°F. 
for minutes. Total moisture con- 
tent into the press for both resins 


Manufacturing Conditions 
Commercially Produced Boards: 
Pentachlorophenate 
into both urea-resin and phenolic- 


Percent Intended Net 
Pentachlorophenol 
To Furnish 


ANALYSIS OF PENTACHLOROPHENOL IN PART.CLE BOARD 
~ AND FURNISH BY NITR.C ACID OXIDAT.ON 


Pentachloropheno! Content Percent 1 

Based on Equilibrium Weight of Furnish 

Previous to Pressing. Furnish Conditioned 
at 75°F. , 50% R. H. 


bonded boards based the weig 
inal pentachlorophenate content 
0.3, 0.65, and 1.0 percent. 
bonded boards were made 
thickness and specific gravity 
0.65. Urea resin was supplied 
percent solids, and the wax 
size was applied percent sol 
and was dispersed the resin 
was sprayed. 

were made inch and 
gravity 0.65. The resin was app! 
percent solids, and percent 
emulsion was also dispersed 
resin before was sprayed. The 
temperature with the 
boards was 300°F., 
phenolic-resin-bonded boards 
The pentachlorophenol 
and was dissolved directly into 
resin the time resin application 
the particles, “Nominal” 
content as-purchased toxic, which 
the case pentachlorophenate 


The Emerite 


gone continuous research and de- 
velopment since 1948, and January, 
1959, the first commercial chemicals 
were sold. The Kroehler Manufactur- 
ing Co., Meridian, Miss. was the first 
plant use Emerite chemicals, and 
manufactured composition board 
known the industry “Cultured 
The Kroehler plant now 
using all kiln dried and green wood 
Session XV, Wood Composi- 


tion Board (B), FPRS 14th National Meeting, 
June 5-9, 1960, Montreal. 
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BROOKS 


Emerite Corp. 
Jackson, Miss. 


waste, including all the sawdust and 
sanderdust. 

The Emerite process was patented 
England with British patent No. 
761, 199 1954 and the United 
States with patent No. 2,764,569. 
Other patents have been applied for. 


Raw Material 


When the composition 
dustry was its infancy, basic saw- 
mill waste was used. Through the 
years, sawmill waste has slowly been 
replaced pulp logs peeler cores, 


and slabs for the manufacture 
engineered flake order achive 
greater strength and stability. 

The Emerite process uni 
shaving, and flake board with 
fiber board. Thus, does away 
the problem selective particle 
and species this proc: 
any species material can utili: 
any basic form, with two lim 
tions: the material must 
cellulose; the lignocellulose 
terial must capable being 
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The Emerite process 
semi-dependent 
ural lignin binding 
agent, but fiber length, 
diameter, and type 
felting also affect 
strength, stability. Dielec- 
tric heating makes this 
hardboard process 
economically sound. 


ato The quality the fiber 

quantity chemicals used deter- 

the end product desired. 
Outstanding composition boards 

nave been made from practically any 

lignocellulose type material. The 

lists few the types 

materials tried with the Emerite 

chemical: 

Aspen 

All the oaks 

All the gums 

Bagasse 

Cotton stalks 

Corn stalks 

Leaves and branches from vari- 

ous wood species 

Bark mixed with wood 

Douglas fir 

Southern pine 

11, White pine 


distinct advantage has been found 
using sugar cane bagasse, including 
the pith, rather than depithed bagasse 
fiber. Also percent fines 
from any basic species can used 
satisfactorily making standard 
low-density high-density board. 
Past research indicates the fines tend 
more reactive due their large 
surface area, and the process 
semi-dependent the natural lignin 
the particle binding agent, 
has been found that the natural lignin 
cin freed more easily the small 
The Emerite composition board 
however, still relies great extent 
upon the length 
ind type felting for certain strength 
stability characteristics. 


Chemicals Used 


There nothing magic about this 
rocess. Actually, the fibers are glued 
through chemical reaction 


The Author: Hunter 
Brooks graduated from Leath- 
erhead Surry, England. 
years military radar elec- 
tronics, he majored in’ phys- 
ics the Univ. Rich- 
mond, 


PHYSICAL CHARACTERISTICS DIELECTRIC HEATING VERSUS CONTACT HEATING 


MOR, 
dielectric contact 


Thickness Density heating heating bond 
40.8 1750 250 125 
45.3 2125 1550 200 

49.0 1850 250+ 
35.0 1450 1000 
yr 56.2 4210 3500 250+ 


Fiber used was mixed hardwoods, including 30 percent oak and 20 percent sawdust 


Fiber generated from kiln dried and green waste. 


that utilizes the natural lignin the 
wood. achieve stability and 
exterior qualities, tempering oil 
added. Under continuous heating 
300° six hours, depending upon 
thickness, will polymerize and form 
bond around 
each fiber. 


Dielectric Heating 


Fundamentally, this heating proced- 
ure quite simple. present, 
inch single-opening press with 
positive platen and ground platen 
used, The positive platen operates 
maximum voltage 6000 volts 
and with minimum approximately 
400 volts, depending the thickness 
boards desired. The platens are oil 
heated temperature 350°. The 
primary reason for this give 
good surface cure, and also prevent 
any the steam from condensing 
the platen surfaces and thus contam- 
inate the board. Also percent in- 
crease press cycle obtained 
through the use the heated platens. 


24 hr. Soak at 70° F. (ASTM) 


MOR, Dielectric, Contact, Dielectric, Contact, Dielectric, Contact, 
internal 


internal water water thick thick 
bond absorp. absorp. swell swell 
100 15% 20% 5.5% 
150 14.2% 18% 5.4% 8.5% 
185 12.3% 15% 4.59, 7.5% 
30 184 22%, 3.5% 5.0% 
200 10.5% 14% 2.5% 6% 


and sanderdust. 


very good hardboard can 
produced means high fre- 
quency with press cycle 
onds, and correspondingly 
inches minutes. The board does 
ally would the standard hot platen 
method were used. The basic board 
qualities have been greatly improved 
through the use high-frequency 


curing. 


Fundamental Concept 
Dielectric Heatin 


Dielectric heating has been used 
several European countries for several 
years. The author has way know- 
ing how effective this 
method has been. understood 
however, that when standard urea for- 
maldehyde and phenolic resins are 
used manufacture particle board 
with high frequency, considerable arc- 
ing problems are encountered. The 
writer has been advised through re- 
liable sources that various thicknesses 
are limited with conventional resins 


Economic Study for 5' x 20' x 1 Opening Press 
To Manufacture 3/4" Finishable to 5/8" Floor Underlayment 


RAW MATERIAL 


Wood @ $7.00 per ton (Bone Dry) 
Emerite "A-x" @11¢ lb. solids 
Emerite "B-x" @ 10¢ lb. solids 


DIRECT LABOR 


43 men - $2.00 per hr.) 
(1 man - $3.00 per hr. ) 


DIRECT MANUFACTURING COSTS 


Indirect Labor and Payroll Charges 
Repair and Maintenance Labor 

Repair and Maintenance Material 
Electrical Power @ 1¢ KWH (625 KWH) 
Fuel Oil @ 7¢ a gal. (110 Gal. per hr.) 
Operational Supplies 


50 Ton Per Day 
Cost per MSF 


$ 8.75 
11,55 
12.50 


4.50 


«Finishing Costs Including labor, sandpaper and saws 10,39 


Samples and test specimens 
Samples (cost of shipping) 
*Warehousing and shipping 
Emerite royalty 


Genera! and Administrative including quality control 2. 


INDIRECT MANUFACTURING COSTS 


Property Taxes and General Insurance 


28.48 


1.50 


Depreciation for 10 yrs. ($150,000, per yr.) 10,40 


11.90 


Cost of sales are not included in this economic study 


GRAND TOTAL MANUFACTURING COSTS 


« - Arbitrary 


$ 77.68 
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3 Shifts or 48 MSF 
$ 32.80 
4.50 
2.18 
1.0} 
1,02 
3.12 
e 3.85 
1e 
ic 
r 2.92 
C 
q 


because the arcing problem. With DIALECTRIC HEATING CALCULATIONS FOR ONE OPENING 


Emerite resin, board thin 0.125 20° PRESS USING GENERATOR 
inch with density pounds can bone dry wood 
dielectric heating poor thermal and heat bone dry wood—(.324) 
i I 2 SpWa—Specitic heat of water—(1.00) 
electrical conductors that provides heat vaporization—(970BTU) 
1. Wo X Sp Wo X DT—Sensible heat of wood. 
volume when the material homo (280° BTU per Ib. bone dry wood. 
970 BTU 970 BTU per ib. water. 
this method, the tempe ature the Total BTU required heat wood—273 BTU 15,834 BTU 
material can raised uniformly Total BTU required drive out lbs. BTU 


Total BTU required cure board—24,400 BTU 


within very short period time. one minute there available BTU power from 200 


generator. 
Difficulties Encountered With Con- press cycle minutes and seconds can achieved. 
tact Heating for Manufactur- 10. boards one hour 2,400 sq. fet. finished 
ing Fiber Board ft. 7.5 2.5 board has total area 109 
Sq. ft. out of press. : 
When fiber used manufacture 12. Therefore, there required 6,000 per hour 
tons fiber day required feed the press. 
board, several problems occur. First 13. Because are also used, percent increase capacity 


effect fiber. From experience 
has been found that, obtain the 


within the shortest time possible, eliminated through the use dielec- duce from tons day 
temperature 430° required tric heating. turn-key basis including 


Four groups information are pre- 


foundations, equipment installed, 
sented tabular form this paper: 


operating satisfactorily, would 


the platens hot platen press. The 
second-most important problem 


steam venting difficulty which occurs Physical characteristics $1,500,000, depend: 
due the natural denseness fiber tric heating versus contact upon the type raw material us: 
mat. This can through the use heating. The Emerite Corp. feels has 
secondary drier just before the mat Actual economic cost study plant design when the 
felted. Also, the standard hardboard typical ton per day quency press used. The 
practice breathing the press once plant. capacity this plant high 
during each press cycle has been Recapitulation costs economic kil 
dopted. has also been found study. 
virtually impossible make pound Actual calculations showing 
inch board conventional pressing power needed versus press wood yard and 
methods. This primarily due and weight material. plant could operated two 
the heat driving all the moisture and one lead man. 
the center the board and the board The economic cost study One the nicest features this 
curing out before the moisture all plant will show that break even point plant that caul trays are necded 
removed from the center the board. reached one shift day with transport the mats into the press. 
This leaves center line. The afore- production tons. also believed that, through the use 
fiber and good prepress, mat 
can made tight enough put 
To Manufacture 3/4" ciidaian to 5/8" A Underlayment moving belt through the press. 
summary, when fiber-type in- 
(Cost per MSF) per Most economical way with 
the use dielectric heating, has 
1 Shift 2 Shifts 3 Shifts 1 Shift 2 Shifts 3 Shifts : : 


due the use standard resins 
Labor 4.50 4.50 3.75 3.75 3.75 excessive moisture required for proper 
flow. Through the use 


Direct Manufacturing Costs 36.47 41,27 22.03 
resin, however, which does not 
Indirect Manufacturing Costs 15.85 excessive moisture for flow, 

TOTAL MANUFACTURING COSTS $101.00 89.62 96.59 83.23 66.99 nomic limits. 


Observe National Forest Products Week 


October 1960 
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Spraying 


Catalyzed 
Coatings 


HUTCHINSON 


The Glidden Company 


Chicago, Illinois 


DELVING INTO THE APPLI- 
CATION catalyzed coatings, 
might well comment briefly 
the mechanism drying finishing 
materials order better understand 
the real value catalyzed coatings. If, 
Fig. Position represents sub- 
strate such wood composition 
board metal surface, and product 
such lacquer applied this sur- 
face wet film thickness corre- 
sponding the distance between 
and without any evaporation sol- 
vent from the lacquer the time 
application, then when this lacquer 
film dries evaporation solvent 
only, will shrink down Position 
that the dry film thickness will 
approximately percent the wet 
thickness. 

the true lacquer products, the 
only drying action that occurs evapo- 
ration solvent. The only pur- 
pose the solvent act carrier 
the film-forming materials the 
illustrate that the drying 
only solvent evaporation, all 


with lacquer solvent that used 
the lacquer. becomes quite appar- 
that the lacquer re-dissolves quickly 
easily the lacquer solvent. 


ting of FPR 


S, Nov. 5, 1959, Chicago, III. 


Catalyst usually added either 
(1) the pressure tank supplying 
the gun, (2) separate hose the 
gun, (3) between gun and surface 
finished with 2-headed gun. 
Current emphasis inhibited 
catalysts added the manufacturer 
that conventional spray guns 
can used. Inhibitor released Fig. 1.—Two-headed gun for applying catalyzed coatings. Catalyst 


actually mixes with finish the spray between gun and surface. 


when finish sprayed heated. 
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the case oil-type paints, such 
house paints, and again referring 
Fig. with Position being the 
surface which the coating ap- 
plied and Position being the total 
wet film thickness, the film dries first 
then oxidation the oil the film. 
Oxygen absorbed from the air and 
makes chemical change the film it- 
self. The shrinkage during the drying 
process radically less than that which 
occurs lacquer, and some cases 
the dry film will perhaps percent 
the film thickness the wet film. 


c 


Fig. 2.—Schematic representation dry- 
ing. represents surface finished, 


dry film surface, and surface wet 
film. 


the case conversion cata- 
lyzed coatings, Fig. can again 
used illustrate the drying mecha- 
nism, except conversion coatings 
heat normally used cause chemi- 
cal reaction the solvent-free film. 
Baking finishes used automobiles 


and appliances, and for that matter, 
some the baking finishes applied 
hardboard used the wood industry, 
are finishes that are converted chemi- 
cally during this heating baking op- 
eration. The film shrinkage from wet 
dry film is, generally speaking, ap- 
proximately percent. The baked 
cured converted film longer 
soluble the solvent originally used 
the product, though may suffer 
minor attack from such solvent. will 
not re-dissolve re-disperse 
original solvent. 

considering catalyzed coatings, 
catalyst should first defined 
material added paint-type product 
increase the rate reaction between 
two more the ingredients the 
product, without any substantial 
change the catalyst itself. 

few examples catalyst might 
help provide understanding 
how they work. Most persons have had 
some experience applying house 
paint barn fence paint around 
homes, appiying floor varnish 
furniture varnish. Occasionally you find 
the product does not dry rapidly 
enough, the instructions the 
label the container recommend the 
addition japan drier some other 
drier the product make dry 
properly. the case oil-type house 
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paints many so-called floor varnishes 
that use driers increase the drying 
speed, the driers are true catalysts. 
They carry oxygen from the air the 
paint-air interface into the paint film 
and speed the oxidation 
some cases they also speed the re- 
action between the ingredients the 
Thus, lead, manganese, cobalt, 
japan-type driers used house paint 
floor varnish are true catalysts. 

industrial finishing with cata- 
lyzed coatings, possible pur- 
chase products that can mixed 
tank with catalyst supplied the 
finishing material supplier. These 
products normally must applied 
relatively short period time. Other- 
wise, the catalyst will cause conversion 
the product the pressure tank. 
The length time between catalyza- 
tion and the conversion the tank 
called pot life. product has two- 
hour pot life, then the paint ap- 
plication room necessary mix 
not more than perhaps 1.5 hour 
supply that the equipment, includ- 
ing the pressure tank, hoses, and guns, 
can cleaned before the product con- 
verts the system. the case 
products catalyzed pressure tanks 
and sprayed with conventional equip- 
ment, the system normally called 
pressure tank catalyst system. 

Many paint spray equipment manu- 
facturers have designed, developed, 
produced and are currently 
what are known spray guns. 
example this type equipment 
shown Fig. this case, the fin- 
ishing material applied pumped 
otherwise forced through one the 
fluid hoses the head the gun. The 
catalyst forced through the other 
hose into the head the gun, and the 
two products are atomized simultane- 
ously air that comes through the 
handle the gun. necessary 
control fluid flow rates this type ap- 
plication that the proper ratio ex- 
ists between catalyst 

Another method introducing cata- 
lyst into finishing system that 
straight air drying can used rather 
than baking the so-called two-headed 
gun system. Fig. illustrates one such 
gun, Other manufacturers have similar 
guns that accomplish the 
operation. this case, resin fin- 
ishing material filled into two sepa- 
rate fluid supply systems, either 
pressure tanks circulating systems, 
and one catalyst applied one sys- 
tem .another catalyst promoter 
applied the other system, Each 
the systems stable itself, but 
when the two catalyzed materials are 
mixed, rapid conversion occurs. the 
case the spray gun the type 
shown Fig. fluids are metered 
through these guns approximately 
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the same rate each head the gun. 
The atomized material mixes the fan 
just ahead the gun and melts 
single film when applied the sur- 
face coated. These materials then 
convert rapidly because the additive 
action the catalyst one the 


fluids and the catalyst promoter 
the other fluid. 


Fig. 3.—Typical catalyst spray gun. 


The fourth system applying cata- 
lyzed coatings the one which 
most companies are putting lot 
emphasis and lot hope for the 
future air-dry coatings for the wood 
industry. This consists adding the 
catalyst the coating material the 
manufacturer’s plant such way 
that pot life many months pos- 
sible. great many the finishing 
materials used industry today are 
catalyzed the factory and applied 
with conventional spray equipment 
through the use circulating systems 
pressure tanks, This type cata- 
lyzed coating called conventional 
Spray equipment, 

The user the material often does 
not even recognize know, and for 
that matter, does not need know that 
catalyzed coating. Many the 
baking synthetic finishes used appli- 
ances today are baked lower tem- 
peratures through the use catalyst 
supplied the paint manufacturer’s 
plant than would possible without 
the use these catalysts. 
example would product that 
would require 450°F. baking tempera- 
ture for period minutes 
cause conversion without catalyst. But 
this same product, after catalyst addi- 
tion the plant, would 
Similar things can and are 
being done coatings for force dry- 
ing temperatures low 120°F. 
perhaps for short periods 
time. 


many the conventional spray- 
system catalyzed coatings, chemists 
have found ways adding inhibitors, 
what might called negative cata- 
lysts, the coating material preven: 
the reaction the catalyst the con- 
Some these inhibitors are 
volatile materials that evaporate 
the coating the time spray 
cation during the early period 
dry force dry, thus permitting 
coating. 


What’s Ahead 


Now for little “blue think 
why catalyzed coatings are 
and perhaps prediction 
happen the industry. 

The main reasons for using 
lyzed coatings the wood 
industry are provide greater sol 
resistance chemical resistance, 
increase hardness coatings 
plied wood, without the use 
vated temperature long bak 
times. There are limitations 
drying wood for any significant 
time temperatures exces 
perhaps 130°F. 140°F. 
coatings, however, offer the 
nity the wood finisher obtair 
same type chemical and 
sistance, well abrasion ce, 
hardness, and toughness are 
metal the present time. 

use these catalyzed 
coatings properly, however, 
requires some changes the 
dures order obtain the maximum 
results from the coating. Patching pro- 
cedures come almost every dis- 
cussion conversion catalyzed 
finishes applied wood because the 
longstanding practice used patching 
lacquers. This practice, most cases, 
damaged parts. the metal finishing 
industry common practice for any 
significant repair snot refinished 
with additional coat the 
coat formerly used order sure 
that the repaired product has the 
high quality finish that was 
the original product before 
and repair. some cases, 
without complete application the 
final coat over the previous final 

dream about the futur 
catalyzed coatings and conside: 
principles the use these coa 
and the progress made the last 
years, conceivable that 
conventional-spray materials 
supplied that people the 
industry can capture the benefit 
improved resistance 
tougher, harder finishing 
provide increased uses for wood. 
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EXPERIMENTAL 


Two-Piece Circular Saw Blade’ 


JOHNSTON 


Laboratory, Forest Products 
Laboratories Canada, 
Ottawa, Ontario 


rim section carrying 
section the rim can 
move radially response 
thermal strains. This 
temperature compensation 
reduces compressive 
stress under the teeth, 
increases saw stability. 


HAS BEEN CONDUCTED 
for number years the 
specially equipped Research Sawmill 
the Ottawa Laboratory, Forest 
Products Laboratories Canada, 
the many factors influencing the con- 
version sawlogs into lumber. Gen- 
the aim has been provide 
information for improved sawmill 
design and operation. 
numerous studies made this field 
have been investigations the 
power requirements for circular 
head-rigs for sawing various species 
under different conditions tooth 
shape, speed, and feed. 

Recently, particular attention has 
been directed toward the effects 
temperature 
the operation circular saw blades. 
The objectives this work were 
improve the cutting accuracy and 
reduce the kerf. Obviously, the de- 
thinner than today’s circular saw 
would have many economic 
idvantages. This paper outlines the 

Presented at Session VI, Wood Machining, 


14th National Meeting, 5-9, 1960, 
Forest Products Laboratories Can- 
are Division the Forestry Branch, De- 
tment of Northern Affairs and National 
Numbers parenthesis refer the Litera- 
Cited the end this paper. 


The Author: Johnston 
engineering from Queens 
Univ., and has 
graduate work stress an- 
alysis, electronics, and 
metallurgy. 
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Fig. 1.—Rim and solid center section before assembly. 


first phase development work ac- 
complished the design and testing 
experimental circular saw 
blade. hoped that this blade will 
lead increased lumber recovery. 

became clear during prelimin- 
ary work 48-inch saw blade 
that the stresses induced the saw 
plate from the cutting forces were 
low, and that the main reason for 
not reducing plate thickness was 
the necessity provide adequate lat- 
eral stiffness. 

stated Berolzheimer and 
Best that centrifugal force in- 
duces only tensile stress rotating 
disk, and that, therefore, the effect 
such force stiffen the disk 
manner beneficial its cutting ac- 
tion. further shown that the 
thermal gradient induced the 
heat generated the teeth 
cular saw blade causes high tangen- 
tial compressive stress the rim 
because the restraint offered 
free expansion the heated rim 
the cooler central portion. 

Since the power applied the 
saw blade converted mainly 
heat the tooth area, becomes 
necessary accommodate the effect 
such heating the tempera- 
ture which heat input 
dissipation the surrounding air 
are equilibrium. 

The common method: compen- 
sating for the adverse thermal com- 
pressive stresses induced the saw 
rim insert compressive residual 


stress the central section hand 
hammering rolling. The effect 
augment the tensile stress the 
rim caused centrifugal force and, 
therefore, allow greater thermal 
expansion the rim before the 
compressive stress becomes high 
enough cause buckling. Further- 
more, extremely difficult ma- 
chine and heat treat flat plate with- 
out distortion, and the hand ham- 
mering operation also used 
flatten the plate during its 
fabrication. 

This local cold working the 
saw plate leaves highly complex 
state residual stresses, however, 
some which are high that com- 
paratively small additional stresses 
will cause permanent deformation 
exceeding the yield strength the 
material from which the plate 
made. Additional stresses encount- 
ered sawing may from tem- 
perature gradients from unusual 
mechanical loads. pointed out 
Barz (2), specification the de- 
grees tensioning common use 
are somewhat nebulous, the terms 
and forth, being difficult define. 
would appear, therefore, that 
method temperature compensa- 
tion more accurate than hand ham- 
mering would improve saw-blade 
action. 

Examination the stresses pro- 
duced circular saw blades saw- 
ing indicated that the rim 
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(b) 


Fig. 2.—A, Full cross section view across 
diameter (not scale). rim cut from 
30-inch saw blade; gauge steel 
sheet; gauge steel sheet; space 
filled with epoxy resin. Enlarged view 
riveted joint. shouldered rivet; clear- 
ance hole for rivet. 


~ 


saw blade could mounted the 
central disk such manner that 
could expand freely with tempera- 


ture increase, this cause instabil- 
ity could removed. the past, 
several methods have been tried ex- 
perimentally and some improvement 
has been noted. The 
method, which has often been used, 
does not offer sufficient freedom 
rim expansion, and the benefits ob- 
served may result from saw cooling 
increased air turbulence. Barz (3) 
describes several methods connect- 
ing the rim section the center 
section flexibly, including the 
spiral slots, which appear pro- 
vide adequate radial freedom. all 
the aforementioned attempts with 
slots, however, the lateral stiffness 
the blade was also seriously 
reduced. 


The Experimental Blade 


The method proposed this pa- 
per join rim section carrying 
the teeth center section 
means rivets, which virtue 
clearance the rivet holes, allow 
freedom radial movement the 
rim. 

Two 30-inch-diameter, 36-tooth, 
10-gauge saws were obtained from 
saw One saw had 


Montreal, supplied the blades required for the 
research work. 
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been processed the normal man- 
ner, while the other 
from blank without any heat treat- 
avoid residual stresses and facili- 
tate further machining. The first, 
standard, blade, was used for 
comparison, and was not altered 
during the test except for the in- 
stallation gauges described later. 
The other blade, which will 
termed was cut, af- 
ter some dimensional measurement, 
into two parts form ring and 
disk and rejoined described below. 
After some observations, the center 
section the experimental blade 
was then replaced laminated 
disk for the temperature and cutting 
tests. 


Calculations showed that, the 
inch radial width were raised 
100°F., the radial expansion the 
mean radius inches would 
0.008 inch. Further, this section 
were prevented from expanding, 
tangential compressive strain the 
order 600 micro inches would 
present. Accordingly, the exper- 
imental 30-inch blade was cut 
shown Fig. that lugs for re- 
joining would remain each piece, 
the rivets 11.5-inch radius. 
Each lug the center and outside 
section was machined 
thickness that when assembled 
the total thickness would 
same the original blade. Machin- 
ing was done alternate sides 
the lugs provide interlocking 
joint. The blade was assembled with 
shouldered rivets shown Fig. 
2b. should noted that one hole 
concentric with the rivet and 0.010 
inch larger than the rivet diameter 
that the outer rim can expand 
diametrally 0.010 inch 
straint. Fig. shows the assembled 
blade. 

The Research Sawmill the Ot- 
tawa Laboratory contains standard 
circular headsaw with drive the 
saw and carriage 
D.C. electric motors which provide 
great flexibility tooth velocity and 
feed speeds. Mercury slip rings 
the saw shaft provide electrical con- 
nection from strain gauges and ther- 
mocouples the rotating saw blade 
suitable measuring instruments, 
that measurements may made 
during the normal sawing wood. 

The deviation from plane nor- 
mal the axis rotation (called 
lateral Total Indicated Run-out 
and meaning peak-to-peak de- 
viation) the blades under test was 
measured 13-inch radius means 
dial indicator with each blade 
being rotated hand. The standard 


Fig. 3.—Two-piece experimental 
blade assembled. 


blade showed 0.018 inch 
experimental blade received 
0.133 inch, but afte: 
was cut and rejoined the 
still high 0.098 inch. 


might expected, the exp 
mental blade (with 
inch) when used cut 
white pine cant was erratic act 
and heated seriously the cen 
section from rubbing the 
attempt was made flatten 
center section hammering, 
satisfactory saw operation 
pine was obtained. The 
inch radius was reduced .060 
This left residual stresses, 
and since one objective the 
was avoid these stresses indu 
hand hammering, was 
make new center section. 


constructing the new 
section, two sheets 16-gauge mild 
steel were sawn shape 
and small 8-inch diameter disk 
24-gauge steel was inserted between 
the sheets during assembly give 
slightly tapered thickness. Final 
sembly was made glue 
with epoxy resin bond the three 
parts. Thickness the center was 
0.150 inch measurement, while 
that the outside edge was 
inch. This center section and the rim 
section the experimental 
(Fig. were then joined (in the 
same manner before) mcans 
rivets with clearance holes. his 
resulted 30-inch saw blade with 
thinner center section than 
first assembly (Fig. 3), 
lower-strength steel with 
sioning whatever. Fig. shows 
cross section, The lateral 
13-inch radius was 0.056 inch. 


strain gauges the saw 
sawing, was decided mount 
two each blade, with each 
aligned the tangential 
and close the teeth the 
guides would allow. Accordin 
the standard and experimental bl. 
were fitted with one electrical 
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Fig. 4.—Parts for laminated center section experimental blade. 


ice type gauge each side the 

lade and directly opposite each 

was soldered the blade 

same radius. Epoxy resin was 
ised mount the strain gauges and 
also cover the gauges and leads 
protect them from abrasion dur- 
ing sawing. Since the strain gauges 
were inherently temperature com- 
pensated, the usual unstrained 
dummy gauge was not required 
cancel the effect gauges un- 
restrained thermal expansion the 
stecl, and only active gauges were 
used the rotating blade. The 
gauges were connected the record- 
ing instrument such way that 
bending strains the blade can- 
celled, and only axial strains were 
measured. 

Fig. shows the position the 
strain gauges and thermocouple 
the experimental blade, and Fig. 
shows actual gauge installation 
corresponding positions 
standard blade. Fig. shows the 
experimental blade ready for saw- 
ing and the instrumentation used 
this part the test. provide ade- 
quate clearance for the gauges, the 
swaged width the teeth each 
blade was increased 0.250 inch. 
The experimental 
blades were mounted 
saw shaft and rotated speed 
1270 rpm. The tensile strain induced 
centrifugal force the gauge 


“ig. 6.—Segment experimental blade 
scale). strain gauge; thermo- 
ple; area rim heated 
wood. 


PRODUCTS JOURNAL 


position was 100 micro inches per 
inch for the experimental blade and 
micro inches for the standard 
blade; these values from actual meas- 
urement agreed with calculated 
values. 


temperature gradient was then 
induced holding piece wood 
against the saw blade inch 
radius. This caused, about one 
minute, temperature increase 
100°F. the inch radius (ther- 
mocouple position). See Fig. The 
resulting charred wood and tar-like 
deposits the rim area contacted 
the wood suggest the possibility 
temperatures excess (5). 
Since the maximum temperature 
distance one inch radially was 
180°F., apparent that high 
thermal gradient existed the saw 
rim. The curves Fig. show 
strains during cooling with the saw 
noted that, the experimental 
blade, the strain change induced 
thermally tensile the inch 
radius. This indirect indication 
that, the higher temperature re- 
gion the 1314 inch radius, the 
strain must the compressive 
direction for equilibrium the 
freely supported rim section. Thus 
the tensile strain induced centri- 
fugal force increased the ther- 
mal strain the inch radius 
and reduced the inch. the 
highest temperature Fig. the 
centrifugally induced tensile strain 
immediately under the teeth has un- 
doubtedly been reduced through 
zero and has become compressive. 

the standard blade, compres- 
sive strain was induced the 
inch radius the thermal gradient, 
and this indicative higher 
compressive strain just under the 
teeth where the temperature high- 
(4). 

example, the strain change 
induced 160°F. Fig. 100 
micro inches tensile for the experi- 
mental blade and 250 micro inches 


Fig. rim and laminated center section. 


compressive for the standard blade, 
both measured the inch rad- 
ius. these are added the centri- 
fugally induced strains 100 micro 
inches tensile and micro inches 
tensile respectively, the resulting 
strain change 200 
tensile for the experimental blade 
and 230 micro inches compressive 
for the standard. 

the reasoning previously de- 
scribed, these figures imply much 
higher compressive stress just under 
the teeth the standard blade. The 
high compressive stresses the 
standard blade are undesirable (pro- 
duce buckling sufficiently high), 
while tensile stresses are desirable 
and act the opposite manner 
stiffen rotating disk. The noted in- 
stability above 140°F. (Fig. 
the thermocouple position the 
dence the above. instability 
was observed the experimental 
blade. 

feet long were cut from yellow 
birch cants with the experimental 
blade and confirmed preliminary 
findings that the stress from tooth 
loading was insignificant compared 
temperature stresses. Blade speed 
was 1270 rpm.; feed speed was 
feet per minute; maximum variation 
board thickness was about 1/16 
inch. During this sawing, tempera- 
ture the inch radius did not 


Fig. saw blade, showing one 
strain gauge and thermocouple (other strain 
gauge opposite side). 
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Fig. 8.—Circular headsaw showing instrumentation and experimental 
blade ready for sawing. 


exceed 100°F. Then the blade was 
deliberately heated friction from 
holding piece wood the 
inch radius, and cuts were made be- 
fore cooled. This was done 
20°F. increments from 80°F. 
180°F., and decrease sawing 
quality was observed. The highest 
temperature which test cut was 
made, measured the inch 
radius, started 180° had 
dropped 160° the end the 
foot length cut. Strain dropped 
from 150 micro inches tensile 50. 

The experimental and standard 
blades were each used without in- 
strumentation cut about 700 board 
feet lodgepole pine from logs 
about inches diameter and 
feet long. Blade speed was 
1270 rpm, and feed speed was 110 


WwW 
= 
W 


+100 


TANGENTIAL STRAIN INCREASE RADIUS FROM 
w 


CHANGE MICRO INCHES PER 
te} 


180 170 160 150 


140 


feet per minute. Sawing quality was 
about the same, that approximately 
1/16 inch variation board thick- 
ness. other respects also, the per- 
formance the two 
similar. 

The experimental saw blade was 
not subjected further operating 
conditions because intended 
changes design. proposed 
modify this design (a) im- 
proving the method joining the 
rim the center section, possibly 
use spring clips instead 
rivets, (b) reducing the radial width 
the rim allow larger center 
section and further reduce the 
thermal gradient, and (c) 
ther increase the ratio 
weight the center section. 

investigation vibration 


SPECIAL BLADE 


AMBIENT 


130 120 ite) 100 90 80 


TEMPERATURE RADIUS DEGREES 


9.—Relation between strain and temperature during cooling 
experimental and standard blade. 


characteristics with suitable 
mentation will important as. 
sessing the value new designs. 


appears from the work 
plished date that will pos. 
sible reduce the saw blade 
the presence thermal 
The resulting reduction 
would provide definite economic 
vantages reducing the volume 
sawdust and consequently increasin 
lumber recovery. 


Summary 


The function tensioning 
circular saw blades 
for thermal expansion the 


ter section that free expansion 
possible, the blade will sat 
factorily with flat central secti 
containing residual stresses. 


The material from which 
central part blade fabricat 
need not high strength. 


the flatness the blade 
sawing. 


The higher tangential tens 
stress the rim the 
two-piece blade from 
forces advantage stiffening 
the blade. 


This believed the first 
tempt use blade with 
rim for temperature compensation, 
and further work with this 
concept will undertaken. 
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FUNDAMENTAL ASPECTS THE 


Wood 


WM. McKENZIE 


University Michigan 
Ann Arbor 


Action cutting edge 
wood was studied find 
basic concepts common all 

machining processes. Types 
failure related surface 

quality and cutting 
efficiency can predicted 
analytical cutting model. 


view the field wood 
machining reveals first sight 
host problems associated with 
wide variety machining processes. 
These have usually been considered 
piece-meal fashion, the belief that 
machining process has its indi- 
vidual problems. This remains true, but 
order economize research efforts 
and expense, seems logical de- 
velop, far possible, fundamen- 
tal approach that deals with basic con- 
cepts common all processes, and this 
was the primary object the work 
described. 

If, with this aim, the question 
asked the central problem 
found that many wood machining 
problems are not peculiar wood, 
but fall the categories machine 
lesign, metallurgy, kinematics, and 
Such classification isolates 
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The Author: William Mc- 
Kenzie, student 
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bourne, Australia. 


Cutting Process 


Typical splits along the grain below the cutting plane. 


what considered the hard core 
erally, concerning the situations where 
single cutter, variable shape, takes 
variable path through work-piece 
angle the grain. The wood itself 
tions—the more important being vari- 
ations mechanical properties with 
species and moisture content. Further, 
this cutting process can regarded 
was noted Reineke (1),* and these 
may distinguished (a) chip sev- 
erance, and (b) chip break and 


removal. 


Phase (a) the essential action 
cutting edge wood, while (b) 
concerned with movement the sev- 
ered chips. The latter phase will have 
considerable variation emphasis and 
treatment the many types cutting 
processes, whereas the severance phase 
common all such processes and 
therefore greatest general im- 
portance, especially since involves 
high proportion the energy con- 
sumed. Since the shape any cutting 
edge, however complex, can 
solved into number straight seg- 


2 Numbers in parentheses refer to the Litera- 
ture Cited at the end of this paper. 


ments, straight edges can used 
analysis and experiments the ex- 
pectation that the results can syn- 
thesized for the more complex cases. 
The problem this form has been at- 
tacked many workers under the 
sider cutting speed 
variable. But work with normal cut- 
ting speeds very difficult 
pensive, that important question 
bearing effective research whether 
necessary study cutting these 
speeds, whether results observed 
conveniently low speeds can apply 
also high speeds. was therefore 
considered necessary investigate this 
matter before proceeding further. 


The Effect Cutting Speed 
Cutting Forces 


Work the effect cutting speed 
well reviewed Lubkin (2), and 
evident that some results show 
practically effect cutting power, 
while others show curve with 
minimum some speed, decrease 
with increasing velocity. 

Even workers such Voskresenski 
(3), who believes that speed has 
negligible effect forces, state that 
surface quality improves higher 
speeds—Walker (4) calls “cutting 
This common belief may 
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attributed the fact that, practice, 
higher cutting speed almost al- 
ways accompanied the cutting 
thinner chip, that the cutting forces 
and surface damage are both reduced. 

The essential question whether 
cutting speed affects the physical and 
mechanical properties the wood. 
Therefore, the evidence Liska (5) 
the effect strain rate wood 
properties interest. found that 
the grain and flexure increased 
percent for every 10-fold increase 
testing speed inches per min- 
ute. these results could legitimately 
extrapolated far, could con- 
cluded that wood should many 
times stronger normal cutting 
speeds, and that cutting forces should 
increase correspondingly. 

noted that most experi- 
ments have covered less than six-fold 
increase cutting velocity, that 
most increase 6.5 percent cut- 
ting forces power should have been 
observed, and this could have been 
masked experimental error some 
cases. 

pointed out Koch (6), an- 
other factor that tends increase tool 
forces cutting velocity increases 
the energy required change the mo- 
mentum the chips, but his compu- 
tation shows that this would contrib- 
ute more than about five percent 
the tool forces 10,000 fpm. 
Other factors suggested contribut- 
ing increase cutting force are 
“chip compression and 
(8) which may references 
viscous Maxwell effect, (9) 
which increases with velocity. Such 
effect would also explain the re- 
sults Liska discussed above. 

The initial decrease cutting forces 
with increase velocity ascribed 
Thunell reduced friction 
grounds that, many materials, fric- 
tion coefficient decreases with increas- 
ing sliding speed. Another factor that 
might cause cutting forces decrease 
with velocity increase 
ture, which results from 
toward adiabatic conditions (9). 
known (10) that strength decreases 
one-half one-third percent per de- 
temperature 150 degrees existed, 
and this quite possible according 
the work Reichel (11) 
temperatures, the resulting 
strength would about 
which would roughly balance the in- 
crease due high straining 
rate mentioned above. 

Hence, lines suggested Freud- 
enthal (9) for metals, possible 
explanation for the variation 
sults from the several studies cut- 
ting speed that there are counter in- 
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Nett effect 


strain effect 


Cutting force 


Temperature effect 
Friction effect 


Cutting speed 


Fig. 1.—Suggested interaction various 
effects cutting wood. 


fluences, increase cutting forces 
due increased straining rate (Max- 
well effect) being opposed de- 
creases due the higher temperature, 
and possibly reduced friction. This 
illustrated Fig. The shape 
the cutting force curve would depend 
the variation the three interact- 
ing effects with velocity, and accord- 
ing the conditions the experi- 
ment could approximate horizontal 
line curve varying shape. Apart 
from the uncertainties discussed above, 
however, there region uncer- 
tainty the very low end the 
scale cutting velocity, since Franz 
(12) has observed that, static con- 
ditions were approached, alteration 
the cutting process took place, which 
often resulted changes chip type. 
Only Kivimaa (13) reports direct 
comparison forces this region, 
and his apparatus dynamically sus- 
pect (14). This indicates hazard in- 
volved developing theory chip 
formation based considera- 
tions, and shows need for further 
investigation this region cutting 
velocity. 

Criticisms that apply most the 
machining experiments reported are, 
firstly, that they deal with 
sive action, that results could 
affected dynamic properties the 
system wood, tool, machine, and 
measuring device. Secondly, 
dence statistical analysis given 
any the articles. third possi- 
bility some cases that wattmeter 
recordings motor input may not 
have been adjusted for motor effici- 
necessary meet all these criticisms 
before one would justified draw- 
ing anything but horizontal straight 
line through plot cutting forces 
against speed. 

appeared that many the diffi- 
culties concerning machine and dyna- 
mometer might avoided using 
continuous type cutting such that 
lathe, thus reducing the effects 
impact. 


Investigation the Effect Cut- 
ting Speed Means Lathe: 
Continuous cutting conditions were 
obtained speeds varying from 2,700 


27,500 fpm cutting the edge 
wood disk mounted high. 
speed Cutting and feed speeds 
were recorded electronic counters. 
The cutter and dynamometer were 
described Franz (12). The dyna- 
mometer, which had 
quency 1500 c.p.s., was 
fier dual-beam oscilloscope, 
X-sweep which was triggered 
contact the lathe nose-plate, 
successive revolutions were 
graphed with Polaroid camera. 
work-piece was laminated disk 
inch diameter from which rim 
yellow poplar 0.25 inch wide 
formed ahead the cutter 

liary cutter. Cuts low 
0.5 and inches per minute 
made milling machine (13) 
pieces from the same disk cut 
the lathe. Cutting angle was 

grees, and nominal chip thickness 
0.010 inch. typical photograph 
8,000 rpm (23,300 27,200 
shown Fig. The amplitude 
the force oscillation each 
lution due grain direction 
was somewhat attenuated the 
est speeds, that median values 
taken and plotted shown 
against their regression 
the parrallel cutting force 
and the cutting speed (fpm). 


Despite the smallness the 
sion coefficient, was significantly 
ferent from zero. 
terms the energy required reduce 
the speed the chips using the 
equation 


Be 


Fig. 2.—Photo oscilloscope, 
about 130 traces forces 
23,300 27,550 ft. per min. dry 
poplar. Upper wavy line forc 
pound per line; bottom wavy line 
force pound per line. (outward 
Note additional traces made after feed 
stopped. 
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force, pounds. 

inches. 

nominal chip thick- 
ness, 

per cu. ft. 

cutting speed, ft. per sec. 

gravity constant, ft. 

per 


For the measured density the 
vood used, this equation gave in- 
1.5 Ib. for cutting speed 
increase 28,000 fpm, against 2.6 
ib. from the regression line. This dif- 
ference was not statistically significant, 
and hence the slope 
chip deceleration. 

was not possible compare sur- 
faces remaining after cutting for the 
full range speeds, since the hydrau- 
lic feed could not reversed instan- 
taneously and the final surface was 
formed very light cuts. However, 
another lathe with mechanical feed 
that could stopped suddenly 
used form surfaces 1120 fpm, 
and these surfaces were indistinguish- 
able from surfaces formed 0.5 in. 
per min. addition, study movie 
taken 0.5 and in. per min. 
and the flash photographs 
Chardin (15) saw teeth cutting 
speeds 3,600 10,000 ft. per 
min. showed very similar modes 
chip formation. 

Despite the restricted cutting condi- 
tions, these results are regarded con- 
clusive, for there not appear 
reasons other than chip acceleration 
why the effect cutting speed should 
different other cutting angles, 
species, and moisture contents, The 


Cutting plane 
Velocity 
vector 


Cutting force, 


Parallel force 


Normal force 


Cutting speed, f.p.m.x 


Fig. effect cutting speed forces. Yellow-poplar, 0.25 inch wide, 
cutting angle 10°, nominal chip thickness 0.010 inch. 


theoretical implication that the es- 
sential cutting process remains un- 
changed over this tremendous (300,- 
000-fold) range cutting speeds. 
reconcile this result with those 
Liska (5), necessary postulate 
that his relation would not fit results 
testing rates much higher than 
used, and that the true relation not 
logarithmic but asymptotic cer- 
tain maximum value, which occurs 
some strain rate below that reached 
cutting 0.5 in. per min. with 
10° cutting angle. Further, 
valid, these results imply that, this 
range, the effect cutting speed 
friction negligible, and that the 
strain rate and temperature effects arc 
exactly opposed, might expected 
adiabatic conditions were reached 
some cutting speed below 0.5 in. 
per min. 

This leaves some doubt 
strength values assume analy- 
sis the cutting process, but seems 
probable that the values the strain 
rates involved cutting would not 
much higher than the maximum ob- 
tained Liska. 

any case, may concluded 
that the results from experiments 


rain direction 


Fig. 4.—Orthogonal cutting 
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cutting speeds low 0.5 in. per 
min. can readily applied cutting 
and above normal working 


Orthogonal Cutting 


The most basic cutting situation 
one much used 
search (9), and applied wood-cut- 
ting research Franz (12). or- 
thogonal cutting the cutier has 
straight edge wider than 
piece and perpendicular the velocity 
vector, which moves with uniform ve- 
locity plane parallel the surface 
the work-piece (see Fig. 4). The 
situation thus becomes 
lem mechanics, with quasi-equilib- 
rium assumed. The success Franz 
(12) developing analysis fit 
his experimental results, based 
properties obtained standard 
tests, involved important advance 
from the analytical poirt view. 

might expected that such 
fundamental cutting situation for 
wood might have aspects common 
with that other materials, especially 
those cellular type, and this appears 
ing general analysis cutting action 
woud, however, seemingly insup- 
erable obstacle the 
tropy the material. Here the limit 
generality reached, and attention 
must directed certain limited 
ranges cutting directions with re- 
spect the grain. 

far the most important cutting 
actions are those typified planing, 
rip sawing, and rotary veneering. The 
corresponding orthogonal cutting situ- 
ation can specified the angles 
made respectively the cutting edge 
and cutting velocity vector with the 
grain direction the wood. Thus the 
typical planing action the 
typical rip-sawing action 
and the typical rotary veneering action 
developed for each these situations 
could readily extended some ex- 
tent each side account for vari- 
ations that occur practice, but they 
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Fig. 5a.—Type failure saturated eastern white pine (Pinus 
Cutting angle deg., nominal chip thickness 0.010 in.; 


30. 


are distinct that appears very 
difficult provide single analysis 
covering two them, although this 
would desirable for some machin- 
ing processes such turning. 


For investigational purposes, atten- 
tion was focussed the 
cutting situation, because its import- 
ance sawing, and 
were reports slow-spzed studies 
this area. 


Preliminary Observations the 
Cutting Situation: The gen- 
eral cutting situation 
sketched Fig. define the prob- 
lem analyzed more clearly, some 
preliminary observations were made 
orthogonal cutting 0.5 in. per min. 
with the equipment described earlier 
connection with slow-speed cutting 
studies. stereo microscope was used 
fications through plate glass bolted 
the wood specimen, with the cutter 
carefully ground the end form 
good corner against the glass. This 
prevented the fibers 
pushed outward and resulted 
more realistic view the deforma- 
tions the vicinity the cutting 
edge. Still and movie photographs 
were taken record the various fail- 
ure modes, and rough cutting force 
values were obtained. 


The most important 
volved were considered species 
properties, moisture cutting 
angle (a, Fig. and chip thicknes 
The species used this 
ary study covered wide density 
range, and included eastern white pine 
(Pinus strobus), yellow-poplar 
dendron tulipifera), sugar maple 
(Acer saccharum) and common 
persimmon (Diospyros virginiana). 
They were cut while saturated and 
percent moisture content, with cut- 
ting angles 30, and degrees, 
and nominal chip thicknesses 0.005, 
0.010 and 0.030 in. 
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Failure Types: cutting angles 
below about degrees, cutting was 
too irregular classified; deflec- 
tions were great and wood was 
moved scraping crumbling. Since 
low cutting angles not occur except 
these irregular failure types were not 
given further attention. 


the photographs showed, 
for the higher cutting angles, defin- 
ite sequence failure types. might 
expected from the grain direction, 
there tendency for failure occur 
below the cutting plane due stresses 
transmitted across this plane. Failures 
above and below the cutting plane 
are intimately related, even the first 
cut, where the original surface pre- 
pared cutting with smaller nom- 
inal chip thickness. Four types fail- 
ure were recognized within the 
regular sequence, but was found 
convenient for analytical 
purposes consider only two major 
types with each. 
These are described below. 


Type Failure (Repetitive) Fig. 
The distinguishing feature this type 
that, after the first cut, the average 
cutting forces are essentially the same 
for successive cuts. Splits occur along 
the grain below the cutting 
Type I(a) these may short and 
(Fig. 5a), associated with 
small wave-length and amplitude 
the recorded cutting forces and com- 
paratively high surface quality. 
Type I(b), (Fig. 5b), two, three, 
more short splits may occur 
between fairly regularly spaced longer 
splits that detract from the surface 
quality. both cases, after the first 
cut, the spacing and length the 
split remain essentially the same, 
which accounts for the regularity 
the average cutting forces successive 
cuts. 


Above the cutting plane, each sub- 
chip formed shear along the 


Fig. 5b.—Type failure eastern white pine (Pinus strobus) 
percent moisture content. Cutting angle deg., nominal chip thickr 


grain split fo: 
below. cuts after the first, the 
chips are loosely linked 
Type I(a), but Tyne I(b) 
are groups corresponding 

spacing the major 


Type Failure (Cyclic) 
This failure type associated 
cyclic variation average cutt 
forces with successive 
occur plane perpendicular 
grain and parallel the cutting pla 
variable distance below it. 
may intermittent (Type II(a), 
6a) continuous (Type 
6b). Type this failure 
companied severance the cutting 
plane and shear above 
chips that the broken end 
moved the next one two 
occurs continuously the cutting 
plane. The chip above the cutting 
plane may sheared into sub-chips 
remain intact that two lly 
continuous chips are formed, 
above and one the cutting 
plane (Fig. 6b). 

both types, depending 
continuity and distance below the 
ting plane the failure, various types 
cyclic variation occur the 
age cutting forces successive 
For instance, there may 
with wood one two 
passes the cutter after the first, 
lar that the first cut after 
the cycle repeats Both 
surface, and low cutting 


Summary Effects: All 
variables chosen were influential, 
the various effects will now 
cussed terms the failure 
described, for the higher 
angles. 

With increasing species 
failure tended vary from Ty; 


SEPTEMBER, 


$$ 
q 
7 
7 
q 
iq 
7 
q 
q 
1S- q 
eS 


in.; 10. 


through type and cutting 


increased. 


Moisture content had great effect. 
saturated wood the predominant 
failure type was I(a) with slight 
splitting, and low steady cutting 
forces. This was marked contrast 
cutting percent moisture con- 
tent, for which failures below the cut- 
ting plane were always deeper than 
the normal chip thickness, and the 
predominant failure type was type II. 
Cutting forces were high 
normal force, especially, showed 
oscillation. 


the cutting angles below about 
degrees, irregular types failure 
developed. very high angles, fail- 
ure tended either Type Type 
depending moisture con- 
tent and density. Severance the cut- 
ting edge produced continuous chip 
either case. Cutting force increased 
and the normal force the cutter 
changed from negative (into the 
work) positive (away 
work) with decreasing cutting angle. 


! 


7.—Model for cutting 
mi-infinite beam elastic foundation. 


\ 
\ 


Fig. 6a.—Type failure eastern white pine (Pinus strobus) 
ercent moisture content. Cutting angle deg., nominal chip thickness 
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With increasing chip thickness, the 
usual trend appeared from Type 
I(a) through for all saturated 
woods, and low medium-density 
species, and from crumbling action 
Type dense species. 

This brief study observed effects 
served guide what was re- 
quired analytical model 
which base predictions concerning 
the effects the various factors, when 
cutting near the cutting 
situation. Since Type failure was as- 
sociated with better finished surface 
and more efficient cutting, was con- 
sidered that the principal purpose 
analytical model should aid 
predicting the probable occurrence 
the two failure types, with the as- 
sociated maximum forces, for given 
set cutting conditions and wood 
properties. 


Analysis for the 
Cutting Situation 


The problem defined essenti- 
ally that rigid wedge indenting 
orthotropic half-plane. After vain 
search for reasonably exact analysis 
for this problem, was necessary 
resort less exact methods develop 
useful model, Since failure not 
confined the boundaries the po- 
tential sub-chip, and stresses must 
considered for indefinite zone 
wood, appeared that the concept 
beam elastic foundation might 
provide suitable model, especially 
since the basic theory for this concept 
was well developed and collated 
Hetenyi (16). Since this theory 
properties the material the beam 
are considered separately from 
the foundation, this could used 
account partially for the difference 
mechanical properties wood par- 
allel and perpendicular the grain, 
respectively. was recently found that 
Voskresenski (3) developed analy- 
sis these lines before 1955, but his 
work open criticisms that will 
referred later. 


Fig. 6b.—Type failure common persimmon (Diospyros virgini- 
ana) percent moisture content. Cutting angle deg., nominal chip 
thickness 0.030 10. 


Fig. illustrates the model base 
the concept semi-infinite beam, 
the lower end which embedded 
foundation whose depth (in the 
x-direction) large compared with 
that the beam. the depth the 
beam not assumed derived from 
the observed thickness the laminae, 
the concept becomes abstract since the 
isolation the beam imaginary and 
requires that shear between the imag- 
ined beam and its base ignored. 
treating the depth the beam 
unknown, was hoped derive the 
thickness the laminae when formed. 
may seen that there are two 
concepts involved the model: 


1). The potential sub-chip 
garded being held quasi-equilib- 
rium between the steadily advancing 
cutter face and the top face the 
beam. The sub-chip assumed 
formed shear failure parallel the 
shear plane forming the in- 
terface between the sub-chip and the 
beam (see Fig. angle the 
cutting direction (x-axis). 


2). The forces required cause 
shear failure also deflect the imagin- 
ary beam, and the slope the 
cutting plane the comple- 
ment the shear angle, that both 
concepts are involved simultaneously 
the shear plane. Then the failures 
below the cutting plane are related 
the behavior the beam and founda- 
tion under the action the cutting 
forces. 


Initially, the present work, was 
assumed that the cutting forces 
reached maximum associated with 
the maximum shear stress the shear 
plane the moment sub-chip sep- 
aration, and that the 
duced below the cutting plane would 
correspond these forces. 
assumption, appeared possible ob- 
tain the cutting force from criterion 
for failure shear above the cutting 
plane, and decide which the two 
failure types more probable from 
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the bending stresses the model 
beam instant failure above the 
cutting plane. 


Criterion for Failure the Shear 
Plane Form Sub-Chip: Since 
shear failure assumed for the range 
cutting conditions discussed above, 
relations for equilibrium the chip 
developed Merchant (17) for metal 
cutting can applied wood, 
using the shear strength parallel 
the grain. must acknowledged 
that some his assumptions may not 
metal. particular, distribution 
normal stress the shear plane ig- 
nored, being assumed that failure 
not tension perpendicular the 
grain. 

analysis gives for the 
parallel cutting force 


where 

shear stress failure, psi 

friction angle arc tan 

cutting angle 

angle between the shear 
plane and the axis 


nominal chip thickness. 


The normal cutting force (P,) 
related 
means values from meas- 
urements made photographs, and 
friction values from various sources 
(12) (7), cutting forces were com- 
puted from equations (3) and (4). 
These are presented Table for 
comparison with values observed 
cutting tests, and the associated failure 


type. 


Beam Elastic Foundation: 
would have been preferable 
sider the cutting force load dis- 
tributed over distance equal the 
nominal chip thickness the end 
the semi-infinite beam, but the equa- 
tion involved could not readily 
solved for general situation. There- 
fore the cutting force was consid- 
ered concentrated the end the 
beam, the deflection curve which 
given 


the load point the deflec- 


tion 


cos 


and the beam slope this point 


(7) 
Here the foundation modulus 
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Comparison of Observed Cutting Forces with Values Computed from Equations (3) and (4 


sidth of Jorkpiece 0.25 In. Nominal Chip Thickness 0.030 in. 


Species Moisture Cutting 


Parallel force, lb. 


Normal force, 1b. 


Failure 


Content Angle, Deg. Calc. Observ. Calc. Observ. type 


Eastern white 
pine 
strobus) 


Yel low-poplar 
(Liriodendron 
tulipifera) 


Sugar maple 
(Acer sacciiarum) 


Sugar pine 
(Pinus 
lambertiana) 


Yellow birch 
(Betula 


alleghaniensis) 


40 


* 


I(a) 


1(b)-I1(a) 


I(a) 


Il (a) 


I(a) 


Nechanical properties used were mean values for species 


+ Mechanical properties used were obtained from matched material 


given Biot (18) for 
elastic solid, put the form 


1 
bE’ 
where 


width beam and foun- 
dation, 

height the beam 

the foundation com- 
pression 

the beam bending 


The parameter given 


1 

(9) 
where the moment inertia 
the beam cross section. Voskresenski 
(3) used equations similar (3), 
(6) and (7) together with the as- 
sumption that the foundation failed 
tension simultaneously with the shear 
failure above the cutting plane, 
solve for P,, and ©,. as- 
sumed simple Winkler (16) type 
foundation, however, which cannot 
considered indefinite depth, Also, 
for semi-infinite beam very 
sensitive load distribution and the 
values for concentrated load are 
much higher than those observed, re- 
sulting low values for P,. Since 
convenient expression was not avail- 
able, simultaneous solution involving 
was not attempted, and the failures 
above and below the cutting plane 
were considered separately. 

Insertion the Biot expression (8) 


3.63 


The beam depth not invol: 
this expression, and the sim 
model breaks down this point. 
lation between and The 
that once fiber severance begins the 
covery very rapid, and comp 
before the cutter advances further. 
result, equation (9) gives 


3.63 
E’b 

the basis observed values 
was calculated for the species 
and cutting conditions given 
ble and good correspondence with 
observed values was noted. Since 
does not appear directly the follow- 
ing analysis, however, little 
significance itself, these data are 
not presented. 

The bending moment for for the 
beam given (16) 


sin 
x 


and maximum where its 
tive zero, 


(11) 


which gives 

Hence the maximum bending mor 


Applying the elementary 
equation, and substituting for 
from (9) and 
the maximum bending stress 


given 
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Table 2 Comparison of Maximum Bending Stresses Given by Equation 
Rupture in Bending 
Cutting angle 30-40°; nominal cauip thickness 0.030 in. 
ecies Moisture Theoretical Modulus of Ratio Failure 
mutent bending stress, rupture Col. 3 type * 
psi psi Col. 4 
Percent 
sastern white + Sat. 4,050 4,900 83 
ine 
Pinus st ) 5 »,900 8,60 103 1(b)-I1 (a) 
ellow-por lar + Sat. 4,500 6,000 ul I (a) 
Liriodencron 
tulipifera) 11,500 10, 115 Il (a) 
ar waple + a 6,060 9,500 o4 I(a) 
+ 
Acer 
accharum) Se 19,000 15,300 120 Il 
.gar pine t Sat. 3,300 5,300 72 I(a) 
inus 
anabertiana) 10,000 11,600 86 I(b) 
low birch a 4,450 6,900 65 I(b) 
tula 
alleshaniensis) 20,706 21,500 96 I(b) 
*Constant over a range of cutting angles f 30 to 40 deg. and a range of nominal chi 
3 S 3 3 3 P 
thickness from 0.010 to 0.030 in. 
+Species-average values of elastic moduli were used 
yElastic moduli obtained from tests on matched material 


y max E 

the assumption equation (10), max 
depends only the elastic constants 
and not dependent, might ex- 
pected, cutting angle 
thickness. choosing the relation 
the bending stresses the 
beam have been fixed and thus apply 
strictly only certain combinations 
conditions. 

Observations confirmed, however, 
that the failure type was fact inde- 
pendent cutting angle 
thickness over wide range. Hence 
was possible Table compare 
maximum bending stress values com- 
puted from equation (12) with modu- 
lus rupture, for range cutting 
angles from degrees and 
range chip thickness from 0.010 
0.30 inch which the failure type 
was essentially constant. The accord 
the results shown attest the validity 
equation (12). 

Attempts account for the occur- 
rence the laminae and the length 
the split between them, postulating 
failure tension perpendicular the 
were unsuccessful and the equa- 
tions derived are not given. 


Discussion the Analytical Re- 
sults: evident from Table that 
theoretical values for cutting forces 
vary accord with the 
but are generally lower. This 
iscrepancy less for the saturated 
low-density woods, where the 
type I(a). these cases 

possible that the available friction 

were too low, that higher 

ear strength value should ap- 

ied due the velocity effect dis- 


PRODUCTS JOURNAL 


cussed the case the dry, 
higher density woods, however, the 
discrepancy greater than could 
reasonably this way. 
should noted that Type failure 
predominated these cases, and was 
concluded that explanation lay 
the failure mechanism associated with 
this failure type, discussed later. 

criterion for the incidence Type 
failure, Table shows that each 
case where the maximum bending 
stress below the modulus rupture, 
failure Type and where the 
stress exceeds the modulus rupture, 
Type failure occurs. Where the two 
values are close, the case east- 
ern white pine, both failure types may 
occur different parts cut. This 
was observed apply over range 
cutting angles from degrees 
messes from 0.010 0.030 inch, 
chip thickness below 0.010 inch, Type 
failure less likely and above 0.050 
inch more likely. 

Equation (12) implies that failure 
type depends principally the ratio 
the elastic moduli respectively per- 
pendicular and parallel the grain. 
The available data (10) show that this 
ratio highly dependent moisture 
content, which accounts for the con- 
trast between failure types for satu- 
rated and dry wood. Further, was 
observed that moisture content 
percent was sufficient change failure 
eastern white pine, yellow-poplar, 
and sugar maple from Type Type 
Evidence will presented later, 
however, show that blunting and 
friction may also have some 

For the normal range cutting 
conditions, equation (12) regarded 
satisfactory criterion for predict- 


ing surface quality where this 
important consideration, and for indi- 
cating the likelihood inefficient 
cutting action. follows that consid- 
erable control over surface quality and 
cutting efficiency can exercised 
varying moisture content. 

obtain more detailed analysis 
relating failure type chip thickness 
and cutting angle, necessary 
know more concerning the relationship 
between the deflection and severance 
phases indentation. This would 
eliminate the assumption concerning 
tion (10), and would permit more 
general relationship developed. 


The Identification Stage Cutting 


evident that the indentation 
stage cutting plays key role, and 
this will now discussed detail, 
the basis intensive microscopic 
observation. 

first contact the cutter with 
cutter edge deflected without rup- 
ture. This deflection stage has usually 
been ignored the assumption that 
work-sharp cutting edge produces 
stress intensity much excess the 
strength the material. But observa- 
tion has shown that this stage neg- 
ligible only with very sharp cutters 
and high rake angles. Otherwise, 
wood deflection becomes considerable 
before fiber severance commences. The 
surface into whch the edge indent- 
ing becomes convex either side, 
and especially below the cutting plane 
highly stressed tension parallel 
the grain. This stress may reach 
such level before severance com- 
mences that failure occurs tension 
parallel the grain, and results 
Type (a) failure. 

evident that similar process 
occurs when the cutter further into 
the wood. The deflection surface 
formed failure tension perpen- 
dicular the grain either new 
extension such failure left the 
previous cut (Fig. 5). With high 
cutting angle and dense, dry wood, the 
deflection may small that the 
shear angle remains high and the shear 
stress plane remains be- 
low the strength the wood, Thus 
even after severance has occurred, ten- 
sion stresses are superimposed 
bending stresses, and the wood fails 
low the cutting plane. Hence failure 
may continuous both the cutting 
edge and plane below it. 

fiber severance occurs before 
Type failure, takes place very 
rapidly, freeing above and below the 
cutting plane highly stressed zones 
wood. Above the cutting plane, shear 
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Fig. 8.—Lateral vibration c.p.s. prevented Type failure and improved surface quality 
cutting yellow-poplar (top) and common persimmon (bottom) 0.5 in. per min. Vibra- 
tion was alternately applied and removed. Cutting angle deg., nominal chip thickness 
0.030 in. 


failures occur rapid succession and 
Below the cutting 
plane, fiber severance proceeds, 
there isolated curved layer at- 
tached its concave surface base 
held practically rigid the cutter. 
This layer grows depth and hence 
stiffness, that point reached 
where shear and tension stresses, re- 
sulting from its original deflection, 
equal the strength the wood the 
interface, and split The de- 
flection may slight that such 
failure occurs only once while sever- 
ance proceeds (Type may 
such that two more laminae 
form before severance ceases and de- 
flection commences again (Type 
(b)). 

Although fiber severance occurs 
rapidly, and the normal force may os- 
cillate violently due the intermittent 
cutting action, the parallel force us- 
ually remains relatively constant, and 
evident that the compression 
ahead the cutter not relaxed 
the end severance phase. ap- 
pears that the sub-chip, after forma- 
tion shearing, still subject fric- 
tion where contact with the 
wood the shear plane and the cut- 
ter face, that the compressive force 
maintained. Evidence concerning 
this given later. thus apparent 
that the deflection phase indentation 
the cutting edge may give rise 
cutting forces greater than those re- 
quired cause shear the sub-chips 
and can even cause wood below the 
plane fail its strongest 
direction. 

Another implication that the com- 
pression the wood before the cutter 
results considerable extension 
across the grain direction parallel 
the cutting edge. This violates the 
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specification plane problem, and 
requires consideration the third di- 
mension. Further, grooving cut 
ripsawing, this lateral compression 
would cause increased frictional resist- 
ance the sides. 

This build-up force not ex- 
plicable terms elastic plastic 
theory, but problem that pecu- 
liar cellular materials. appears 
involve local compression the wood 
ahead the cutting edve, often the 
point where solid transparent zone 
unstable process, which occurs fol- 
lows: The first cell walls met the 
cutting edge may pierced sev- 
ered, the edge sharp enough and 
the cutting angle large enough, before 
deflected sufficiently bear against 
the adjacent walls. this case, fiber 
severance and cutting are continuous. 
not, the first row will gain normal 
and frictional resistance from the adja- 
cent walls, thus increasing the proba- 
bility that these two sets walls will 
deflected another cell space before 
they bear against the next set and gain 
further support. Here the situation 
unstable, and the formation densi- 
fied zone front the cutter has 
effect distributing the stress 
widening base. Type failure does 
not intervene, deflection terminated 
severance the cutter edge, pos- 
sibly plastic flow the highly com- 
pressed and heated wood this point. 
change from static sliding fric- 
tion might partly account for the rapid 
progress severance. 

considering this phase cutting, 
there appeared some analogies 
with the other cellular ma- 
terials, such grass, bread meat. 
These materials yield greatly before 
edge and offer considerable resistance 


cutting unless the cutter given 
lateral motion which may 
have two beneficial Firstly, the 
effective cutting and sharpness angles 
become respectively higher and lower. 
Secondly, possible that 
serrations the edge may act 
teeth tear the cell walls, for prac- 
tice scythe blade meat knife 
sharpened frequently with rough 
stone. appeared that the basic effec 
lateral motion might accom 
plish severance cell walls withou 
excessive 


test this suggestion experimen 
ally, proved convenient introduc 
lateral component into the 
motion between cutter and 
solenoid. This had the 
effect chip formation shown 
All failure types were replaced 
Type I(a) with very little delamin 
tion. The cutting process could not 
observed with the microscope, but 
showed only fine splits the cut 
face, and the fraying the 
characteristic cutting this dire 
tion was practically absent. 

The forces measured the and 
directions were reduced 
percent, and the friction values 
puted from them were very low, 
this was expected. Witho 
measurement the third compone: 
the full effects. There are many theo- 
these few results, but those relevant 
the present discussion are: 


1.) The indentation stage 
important its effects failure 
and cutting forces, and the deflec- 
tion phase can eliminated 
duced, the observed forces may 
reduced levels comparable with 
ues computed from equations (3), 
and (4), possibly allowing for 
higher strain rate. Thus the provision 
reasonably accurate analysis for 
the cutting direction 
this highly complex problem 
indentation. 

2). The high effective cutting 
and low effective sharpness angle 
sociated with lateral vibration result 
high stress concentration the 
and further, the friction 
the shear plane and the 
face are less, that the high 
forces are not maintained after 
occurs. This probably more 
portant factor than 
since few these were visible 
magnifications the cutters used. 

3). The coefficient friction 


rather than the static conditions 
prevail during the deflection 
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Fig. 9.—Application SAE lubricating oil (dark-stained areas) 
Type failure and improved surface quality sugar ma- 
Cutting angle deg., nominal chip thickness 0.030 in. 


friction plays part the deflec- 
ion phase was demonstrated few 
which SAE oil was applied 
parts the work-piece ahead 
the cutter. Fig. shows the effect with 
30° cutting angle sugar maple 
percent moisture content. Appar- 
the reduction the friction coef- 
ficient from 0.68 0.52 was suffici- 
ent change the failure type from 
(a) and was noted that the 
sub-chips snapped away separately af- 
ter they were sheared. Failure type 
was not changed yellow-poplar 
Alaska yellow cedar percent mois- 
ture content, apparently because there 
was little reduction friction 
ent. More work these lines should 
valuable clarifying the role 
friction. 

4). The importance the indenta- 
tion phase has bearing the effect 
blunting, which has largely been 
ignored analyses cutting. Vosk- 
resenski (3) gives analysis relating 
pressure and friction the edge 
the cutting force, but goes further. 
His analysis cutting in- 
cludes force pertaining indenta- 


Lubricated 


— 


ness 0.015 in. 


tion the edge, obtained from ex- 
periments not described. few obser- 
vations were made the author 
the rate force increase the very 
beginning cut, and applied 
analysis different from that described 
above. Good results were obtained, but 
such empirical values have very limited 
application, this approach was not 
pursued. 

The significance the blunting 
process that small increase the 
radius curvature the cutting edge 
would prolong the deflection phase, 
and since unstable process, cut- 
ting forces would increase much more 
rapidly with slight blunting than 
might expected. solution the 
indentation problem should precede 
attack the problem blunting. 

illustration that the investiga- 
tion one cutting situation may have 
significance for others, and that in- 
dentation stage may affect cutting 
other directions, mentioned that 
vibration had beneficial effects cut- 
ting the other main directions, 
(planing) and (rotary ve- 
neering). the first, higher surface 


Fig. cutting (rotary veneering) saturated yellow birch with 
cutting angle, 0.050 in. nominal chip thickness. Lateral vibration c.p.s. resulted 
surface (top left) and stronger chip more uniform thickness (inner half each 


p.) 
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Fig. vibration c.p.s. (center section) prevented 
fuzzy grain cutting (planing) eastern white pine 
percent moisture content. Cutting angle deg., nominal chip thick- 


quality was obtained lower cutting 
angles (Fig. 10), and the second, 
high surface quality (tight side 
next veneer) and uniform thickness 
chip were obtained when cutting an- 
gle 45° was used without pres- 
sure bar (Fig. 11). These few obser- 
vations also suggest that further study 
such techniques modify the cut- 
ting process may eventually have far- 
reaching practical results. 

evident that the results this 
study cutting action have implica- 
tions for wide variety problems 
that cannot discussed here. 
ter basis provided for the investiga- 
tion cutter wear, optimum 
ance angle, surface quality, chip form 
related chip thickness, and glu- 
ing properties end grain surfaces, 
mention only few the many 
problems that may first sight appear 
have little common ground. 


Summary 


The essential action cutter edge 
wood has been studied with the 
aim finding basic concepts common 
all machining processes. 

Since cutting can studied effec- 
tively only low speeds, 
ment was undertaken establish the 
effect cutting speed tool forces 
and surface quality. was found that 
increase cutting speed from 0.5 
inch per minute 28,000 feet per 
minute caused small increase cut- 
ting forces predictable the basis 
chip inertia, with distinguishable 
change surface quality. 

analytical study slow-speed 
orthogonal cutting, attention was nec- 
cutting direction, but some 
findings are significant for wood-cut- 
ting processes generally. Attempts 
represent cutting situation 
analytical model have had the effect 
high-lighting areas ignorance about 
wood properties related the cut- 
ting process. 

model for cutting with both cut- 
ting edge and velocity vector de- 
grees the grain, based the theory 
has proved valuable the develop- 
ment two aspects that are consid- 
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ered important. Firstly, equations have 
been derived that provide, the nor- 
mal range cutting conditions, sat- 
isfactory criterion for predicting 
ure types related surface quality and 
cutting efficiency, and which indicate 
that moisture content important 
factor. Secondly, has become evident 
that the complex indentation stage 
cutting plays important part the 
cutting situation studied, and associ- 
ated with levels cutting forces and 
surface damage beyond those predict- 
able from elementary theory. This 
throws light the blunting process, 
which indicates that edge sharpness 
cannot ignored analysis. 

Further, apparent that friction 
also plays important role. Such con- 
siderations led the application 
induced vibration and lubri- 
cation. brief tests, surface quality 
was greatly improved the cutting 
situation referred above, and also 
those associated with planing and 
rotary veneering. 

The model adopted has 
tations, and more analysis for 
the problem indentation cellu- 
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Adding percent 
penta coal tar creosote 
increased toxic efficiency 
some percent. Rea- 
soning behind the com- 
bination reduce the 
risk early failure due 
low retention 8-pound 
creosoted poles without 
increasing 
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lar material rigid wedge 
needed. The results the investiga- 
tions have implications for wide va- 
riety problems, however, and 
should contribute their more effec- 
tive investigation. 
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PERCENT 
POLES 


Fig. 1.—Distribution curve creosote weight basis—in 932 fre: 
treated 8-pound empty-cell Southern pine poles. 


cumulative basis. 


Data also arranged tabular form 
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PENTA-LBS./CU. FT. 


1.0 2.0 3.0 


DISTANCE FROM SURFACE INCHES 


Fig. penta pole-diameter Southern pine posts 
after 8-pound penta-petroleum (5%) treatment, Plant Solid line— 
immediately after treatment; dashed line—after years Orange 
Park plot; broken line (open years Orange Park 


plot. 


for Southern Pine Poles 


DURABLE WOOD POLES are 
required today most telephone 
and power utilities. Poles made from 
those species recognized the 
American Standard Specifications 
and Dimensions for Wood Poles 
05.1-1948 and approved the Na- 
tional Electrical Safety Code are 
being produced the rate 
million units year. Under 
present critical use requirements, not 
all these poles are acceptable for 
immediate unrestricted urban and 
suburban installation. The delivery 
even one two per 
carload, poses real problem the 
forces charged with setting 
poles because dirty bleeding poles 
ire not tolerated most commun- 
ities today. Further, might ex- 
pected, unclean poles are not attrac- 
who must climb them. 

the other hand, should the 
iced for cleanliness? The perform- 
nce 8-pound creosoted southern 
poles some cases marginal 
(3). Study Fig. which 


parentheses refer the Litera- 
cited the end this report. 
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shows the creosote retention 932 
individual 8-pound southern pine 
poles, sheds much light this prob- 
lem. Too many poles are 
treated risk retention levels; that 
is, 28.4 percent have retentions less 
than 5.0 pounds per cubic foot. 
There are reasons believe also 
that southern pine poles treated with 
pounds pentachlorophenol-pe- 
troleum solution per cubic foot 
might behave 
and that their performance could 
influenced the movement (4) 
the whole penta-petroleum complex 
outward and into the surrounding 
soil (see Fig. and 3). 

Fig. shown the average 
losses after two and after four 
years exposure from the below- 
ground sections typical group 
pole-diameter southern pine posts 
treated with penta-petroleum 
percent solution) and installed 
the Laboratories’ Orange Park, Flor- 
ida test plot. From bioassay data 
may predicted that when the 
penta retention falls below 0.25 
pound per cubic foot its outer 
periphery, the pole jeopardy. 


Critical examination date the 


Fig. typical 


pole was treated nominal 8-pound gauge retention empty- 


penta-petroleum bleeder. This Southern pine 


test posts represented these curves 
and other similar groups tends 
confirm the bioassay results. 

Losses the penta-petroleum so- 
lution are possibly explained Fig. 
This, while not typical penta- 
petroleum-treated pine pole, 
typical bleeder this 
ment. analysis, the surrounding 
soil high chloride due errant 
preservative. 

the purpose this paper 
discuss the possibilities using, 
the same 8-pound retention level 
penta-petroleum, solution com- 
prised coal tar creosote which 
commercial grade pentachlorophenol 
has been added. Tests indicate that 
this can done successfully, thereby 
providing about percent increase 
creasing the liquid preservative re- 
tention; other words, without in- 
creasing the tendency the treated 
poles bleed. Even under the best 
circumstances, 
bleeder and possibly poorly treated 
pole may slip through with this for- 
tified treatment, but basically, far 
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concerned, both the objectives 
durability and cleanliness are 
achieved one and the same time. 


Putting Theory Into Practice 


For over years, there has been 
constant and aggressive search 
Bell Telephone Laboratories and 
others for low-cost wood preserva- 
tive that penetrates the sapwood 
satisfactorily, well distributed 
the sapwood sufficiently high 
retention level—as determined 
analysis the wood—to remain ef- 
fective service for many years, 
and leaves the surface the 
treated wood clean. This implies 
that the pole surfaces will clean 
upon removal from the treating 
inder, during subsequent handling 
the line crews, and during the 
entire service life the pole 
line. These are the three basic cri- 
teria what has become 
known Specifica- 
vative should not affect the strength 
adversely decrease the electrical 
resistance the wood, nor should 
harden the pole surface much 
influence climbability. goes 
without saying that this preservative 
from the treater’s standpoint must 
be: 


capable being handled the 
customary treating equipment, 
that is, same pressures, temper- 
atures, and forth; 

and emulsification characteris- 
tics; 

non-toxic, when properly han- 
dled, man and animals; 

adapted treatment green, 
steam-conditioned poles; 

relatively non-flammable, and 

stable and will remain bal- 
ance (little selective ab- 
sorption, alteration con- 
centration) during constant 
use. 


would major undertaking 
list all the experimental and 
last three decades obtain clean 
poles with all the desired traits. 
Some involved the use either new 
water-borne 
tives, some the introduction addi- 
tives that would alter the viscosity 
characteristics the preservative af- 
ter has entered the wood, and 
some modified treating techniques. 
During the critical shortage periods 
the time and subsequent 
World War II, few preservatives 
were introduced that opened new 
possible horizons the search for clean 
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Fig. 4.—Effect threshold from adding amounts pentachlorophenol 
typical domestic creosote, No. 6066. 


preservatives. While highly promis- 
ing combinations creosote and 
troleum, (6) mostly 50/50 ra- 
tio, did cause some insurmountable 
difficulties during 
cial treatments, they 
vide, under certain conditions 
careful plant operation, clean, dur- 
able southern pine poles. Soil-block 
bioassays Madison (7) demon- 
strated that these combinations were 
effective wood preservatives, and 
this has been confirmed line 
experience because date pole 
Bell System lines properly treated 
with the 50/50 combination has 
been reported decaying because 
preservative failure, and yet many 
thousands these poles 
stalled far back 1942. This 
treatment still being 
cessfully the Los Angeles area to- 
day Douglas-fir poles. Con- 
versely, has been the experience 
that some poles treated recently 
1946 with 50/50 mixtures creo- 
sote and non-toxic 
without fortification—have failed 
even the northern latitudes 
Michigan and the New England 
States. These, and other considera- 
tions about described, lead in- 
evitably the idea combining 
creosote and technical 
chlorophenol and discarding the 
non-toxic petroleum constitu- 
ent. This combination comes nearest 
meeting the requirements stipu- 
lated for the ideal preservative. 


That the Bell Laboratories 
been thinking combining tox 
constituents 
for some time was evidenced 
submission through their represent: 
draft specification for creosote 
Preservatives Committee 
American 
tion January 1948. This 
specification stated, “The 
when assayed biologically, using the 
fungus Lentinus lepideus, shall 
hibit threshold concentration 
not more than pounds per cubi 
and “If the creosote does not 
assay the limits set, (it) shal! 
fortified—with 2.5 percent 
chlorophenol 0.125 percent cop 
was considered that any 
preservative—in this case, creosote 
could mixed with other 
nized wood preservatives form 
super preservative, let say, 


would assay certain 


biologically many drugs, like 
tamins, are called today. 

the present combination, 
choice coal-tar creosote 
carrier was well considered. Cre 
sote toxic its own right, co: 
taining some 160 single 
that have been isolated thus far, 
creosote far superior solve: 
for pentachlorophenol any 
reasonably priced, commercial 
troleums known date. Anoth 
factor that both creosote and 
are readily available the treatir 
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most the contract sup- 
southern pine poles. 

First commercial treatments with 
new creosote-pentachlorophenol 
were made experimentally 
the plant the Eppinger and 
Russell Company, Jacksonville, Flor- 
da, the fall 1953. matter 
expedience, these treatments were 
aitiated with imported creosote 
vertical retort origin 
‘ig. 5), which technical grade 
was added, and 6-pound, 
gauge, retention level. 1954, 
vhen the supply vertical retort 
reosote the treating plant had 
exhausted, switch was 
nade creosote conforming Bell 
Specification “Coal 
far (somewhat similar 
but more restrictive than 
AWPA Standard Later, 
when the new Specification 
covering the treatment southern 
pine poles with the 
preservative was issued Febru- 
ary 1957, the change-over creo- 
sote-penta solution was completed 
all southern pine plants that treat 
for System use. 

The Specification calls 
for coal tar creosote per Specification 
and percent pentachlor- 
weight, that meets the 
requirements AWPA Standard 
Ps, for Oil-Borne Pre- 
servatives, 
addition, the new extraction 
method was required the means 


determining retention. This 


method the outgrowth 
test plot studies and investigations 
made poles removed from line. 

These studies clearly indicate that 
well-penetrated poles 
accordance with their actual 
preservative retention de- 
termined solvent extraction, and 
not necessarily accordance with 
retentions determined plant 
gauge readings (8). Not less than 
6.0 pounds per cubic foot the 
composited sections from the outer 
0.5 2.0 inches increment 
cores from representative poles 
was required. This still 
tention criterion. This 6.0 pounds 
tained several plants this past 
year when treating steam-condi- 
tioned poles with 
pounds per cubic foot gauge. 
estimated that the fall 1960, 
one million southern pine 
poles treated with creosote-penta 
vill have been produced for Bell 
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The idea combining two 
nore wood preservatives not new. 
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Fig. 5.—Bioassay threshold values creosote, penta, and creosote-penta solutions. 


will recalled, for example, that 
the Allardyce process (9) consisted 
pressure treating with zinc 
chloride solution followed sec- 
ond pressure treatment with creo- 
sote. The Card process (9) too, com- 
bined zinc chloride solution (80 
percent) with creosote (20 percent) 
single pressure treatment. Dur- 
ing the critical shortage period as- 
sociated with World War II, pine 
poles were pressure 
length with ZMA with chromated 
zinc chloride, followed with butt 
treatment creosote. our con- 
viction, however, that the deliber- 
ate combining two recognized 
toxic materials based the results 
studies what specific organ- 
isms cause decay southern pine 
block bioassay tests new (10). 
addition, the amount material 
added has carefully been con- 
sidered bioassay studies that 
the maximum amount effective- 
ness obtained the most rea- 
sonable cost. 

Perhaps bit background de- 
scribing the manner which the 
Bell Laboratories conducts wood 
preservative research and develop- 
ment order. discussing these 
techniques, the 
servative will used the subject 
under scrutiny. Ever since the incep- 
tion the studies wood preser- 
vatives the Laboratories 1925, 
program has been followed that 
today referred the Four- 
Phase Testing Program (8)(11). 
New preservatives, when of- 
fered proprietary compounds 
when conceived our own labora- 
tory, must follow this established 


four-phase The four phases 
are: 


Laboratory soil-block bioassay 

Outdoor exposure tests 
inch sapwood Southern 
stakes 

Exposure tests pole-diame- 
ter test posts 


How this program works ap- 
plied the study 
follows: 


Phase Soil- 
Block Bioassay 


The study the new combination 
began the laboratory. was demon- 
strated (12) bioassay that the 
creosote-penta solution was highly ef- 
fective, and that this combination 
should studied became 
necessary then determine the actual 
amount penta required give the 
most effective results biologically. 
accordance with procedures quite simi- 
lar those now incorporated 
ASTM Standard D-1413-56T (13), 
southern pine sapwood blocks were 
treated with domestic coal tar creo- 
sote and with creosote $6066 
which varying amounts penta 
were added. The blocks were then 
weathered, and after being brought 
equilibrium incubation room 
(80°F, percent RH), they were in- 
oculated with the appropriate organism 
—either Lentinus Madison 
534, Lenzites trabea, Madison 617. 
The results expressed threshold* 
pounds per cubic foot follow: 


* Threshold is defined as the minimum amount 
of preservative that is effective in preventing de- 
cay, under the conditions the test, 
ticular fungus. 
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Organism 
Preservative and 
concentration Madison 534 Madison 617 
(Threshold—pounds per 
cubic foot) 


6066 alone 8.20 5.80 
6066 plus 0.83% 4.87 4.80 
6066 plus 2.90 3.06 
6066 plus 4.49% penta 1.96 1.95 
6066 plus 6.52% 1.91 1.96 


These data show that the most effec- 
tive concentration falls between 1.61 
percent and 4.49 percent (see 4). 
gained (possibly one pound per cubic 
foot) from using more than 1.61 per- 
cent penta, and readily apparent 
that percentages above 2.75 are un- 
necessary biologically. percent 
concentration yields drop thresh- 
old from 8.2 2.9 pounds per- 
cent drop) for Madison 534 and from 
3.1 pounds percent drop) 
for Madison 617. Rather than set 1.6 
pounds the minimum penta content, 
was decided specify the more con- 
servative 2.0 percent penta addition, 
and this was done. 

was realized also that the penta- 
chlorophenol, being chemical com- 
pound and not complex mixture 
compounds, provided rather consist- 
ent amount biological effectiveness, 
and that most the variation 
threshold results could attributed 
variations the properties the creo- 
sote used the test. (Compare the 
several left hand 
straight creosotes Fig. 5.) 

Many soil-block bioassays have now 
been run creosote-penta solutions. 
Some the results are shown graphi- 
mind that the lower the threshold, the 
more effective the preservative. the 
twin bars the left, Preservative 
made foreign creosote 
and domestic creosote 
percent) took pounds per 
cubic foot prevent attack 
son Lentinus lepideus. The cross- 
hatched portions the bars indicate 
the experimental range perform- 
ance, and the threshold set 
between and pounds. adding 
creosote, the threshold dropped be- 
tween and pounds per cubic foot. 
This means that the threshold was re- 
duced pounds per cubic foot add- 
ing penta the creosote. should 
noted that, when penta added, the 
critical, most tolerant test organism 
then 617” trabea. 

Lentinus lepideus one the most 
soted southern pine poles according 
study made cooperation with the 
Forest Products Laboratory 
Madison, Wis. Some the early re- 
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Fig. 6.—Performance treated Southern pine stakes after years 
the Orange Park, Florida, test plot. 


sults were reported Snoke (14) 
1957, and these emphasized the impor- 
tance Lentinus lepideus creo- 
soted pine pole destroyer. Further evi- 
dence now being accumulated that 
indicates, however, that pine poles are 
attacked variety wood- 
destroying fungi. Madison 534 the 
most tolerant organism with straight 
creosote, but Madison 617 becomes the 
critical organism after penta added. 
This leads the conclusion that sev- 
trolled combining toxic ingredients. 
With Preservative domes- 
tic creosote—the second group twin 
bars from the left Fig. same 
reaction takes place. Six 
pounds per cubic foot controls Len- 
tinus lepideus; and when 
penta added, the threshold drops 
two three pounds, reduction 
pounds per cubic foot. The critical 
organism again becomes 
bea when penta added. The same 
pattern holds with another domestic 
creosote, 
shown “Coop vertical tar 
creosote imported from the United 
Kingdom, The results are similar, Pre- 
servative $6021 was produced the 
Dominion Tar and Chemical Company 
and was supplied the Bell Tele- 
phone Company Canada; the same 
result noted when percent penta 
added: the threshold goes down. 
Number another 
foreign vertical retort tar creosote (that 
used the early treatments poles 
Jacksonville 1953); this creosote 
performs about the same 


both before and after the addition 
percent penta. 


The next bar the right—a sing 
bar—illustrates what happens 
percent penta-petroleum 
tive. The performance about the 
level for the average creosote 
trated. has been found that the 
formance penta varies 
characteristics the petroleum 
late used solvent (15). The 
bar the extreme right gives 
threshold results when 
boiling distillate petroleum containing 
formance quite good; the 
lies between 3.5 and 4.5 pounds, The 
practical difficulty here that this par- 
ticular petroleum abnormally 
and known yield test posts, 
least, that are very bad 
one looks Fig. objectively, 
noted that the thresholds for 
tar creosote average somewhere 
pounds per cubic foot, but when 
percent penta added, the 
holds drop 3.5 4.0 pounds 
cubic foot. This amounts 
percent increase effectiveness 
the combination over that when cre 
sote penta-petroleum are 
arately, 


Recently, tests have been made 
the creosote-penta solutions use 
several the plants that 
under contract. The latest data 
computed the statistical method 
scribed Snoke (16) 


assays are reported herewith: 
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By lime 
Sample No. ignition 
(percent) 
6069___ 2.19 
6070 1.80* 
6071 2.37 


*Nonconforming. 


The thresholds for Lenzites trabea, 
617, average about pounds 
cubic foot and for Lentinus lepi- 
Madison 534, somewhat lower. 
data indicate that these three 
ommercial preservatives, selected dur- 
routine check-up, are running 
expected threshold level 
critical tolerant organism after 
penta addition Madison 617, 
Lenzites trabea. 


Phase Inch Stakes 


Phase the pro- 
gram consists the exposure test 
plots southern pine 
sapwood stakes, Creosote-penta treated 
stakes have been under test since 1953. 
The results date are shown Fig. 
Care must exercised reading this 
figure after examining Fig. The 
techniques involved testing 
are covered tentative standard, 
for the Evaluation Pre- 
servatives Means Small 
recently approved Subcommittee 
Wood. the stake tests, contradis- 
tinction the soil-block tests, the high 
value This because the index 
goodness, that is, the percentage 
perfect specimens, the criterion. 

formance which was shown Fig. 
stake tests: 13.5 pounds retention, 
the percentage perfect specimens 
about percent, but when percent 
penta added, the percentage per- 
fect moves 90, 11.4 pounds, 
the percentage perfect but when 
percent penta added, the per- 
centage increases percent. The 
pattern essentially the same any 
given retention level regardless the 
creosote employed. 


Phase Diameter 
Test Posts 


Studies pole-diameter posts 
test plots are well underway, but 
too early report critically the 
performance these specimens this 
‘ime. All posts were sound the last 
1959. 


Phase Line 


Lines poles are 
established several locations 
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Penta content 


By copper Test 


pyridine organisms Threshold 
(percent) (Madison (pounds 
No.) cubic foot) 
1.98 617 4.2 
534 3.0 
1.98 617 3.9 
534 3.8 
2.18 617 4.1 
534 3.0- 


east the Rocky Mountains between 
Canada and Mexico the areas where 
southern pine poles are normally dis- 
tributed. Several these lines are 
being set the southern states 
where decay conditions are considered 
more severe than the North- 
east Midwest. Reports the per- 
formance these poles will become 
available time passes through regu- 
lar channels such reports the 
American Associa- 
tion Committee Service 


Operation 


There still much information 
obtained satisfy all the require- 
ments the Four-Phase Testing Pro- 
The 
received date has been amply suf- 
ficient, however, warrant proceed- 
ing broad-scale commercial basis. 
Fitting any new wood preservative into 
regular plant production, course, 
usually entails some problems, both 
technical and commercial. The days are 
past when the average treating plant 
carries only one two 
servatives. Many plants now treat with 
creosote, creosote-coal tar creosote- 
petroleum, penta-petroleum, and 
salt-type wood preservative. 
tion, some plants treat with 
tardant solutions, The fact that there 
are many preservatives kept regu- 
lar supply adds the problems 
the 

Today, with rigid specifications 
follow, behooves the treater have 
separate lines from each treating tank 
the cylinder—even separate pumps 
are sometimes advisable—in order 
keep the cleaner preservatives uncon- 
taminated. has been customary 
the past some plants use the same 
common lines, manifolds, and headers 
regardless whether poles, ties pil- 
ing were being treated. This system 
operates satisfactorily for the most part 
when extra precautions are taken 
“blow carefully after each treat- 
ment, and when there human 
error the lines are unlevel 
bowed vertically, however, the 
cylinders are tilted warped, 
large amounts preservative are pock- 
eted, then trouble ensues more often 
than not because cross-contamina- 
tion. The clean preservatives will be- 


come dirty and oftentimes will fail 
servatives will enriched 
high-quality, higher 
tives will have downgraded. 
With the cleaner 
servatives used for poles, increases will 
take place gravity, distil- 
lation residue above 355°C, mate- 
rial insoluble benzol, and coke 
residue. With marked increases 
water content the preservative—due 
essentially and 
subsequent empty-cell treatment 
poles—the whole situation 
aggravated. only fair admit 
that some these difficulties have been 
reported when the new creosote-penta 
solution used, but basically the same 
tives. Good plant operation vital 
necessity for clean, 
tion. 

Plant operational rules 
tions have part results-type spe- 
cifications, but recognition some 
the things that should done and 
that should not must 
nized the treater himself 
the best his ability, producing the 
pole defined under 
and satisfying his customer well. 
This can accomplished best the 
use separate piping from the treat- 
ing tank the cylinder and keep- 
ing the preservative low water con- 
tent—less 3.0 percent means 
dehydration, the use drier 
poles. Now that have 
recognized these facts, the 
tions have been minor, and the poles 
have been very well treated, and for 
the most part they are clean. Regular 
and continued cleanliness, however, re- 
quires, with straight creosote and 
solutions, con- 
stant vigil both the part the 
treating engineer and the inspector. 

Some reports abnormal corrosion 
treating-plant equipment, presum- 
ably adjunct the creosote-penta 

reservative, have been 
cently, Studies are being conducted 
corrosion inherent the new com- 
bination whether associated 
with other aspects 
operation such high water content, 
kick-back sap, resin and allied mate- 
rials from the green poles, other 
phenomona that associated 
with the empty-cell treatment steam- 
conditioned southern pine. The 
come these studies will determine 
whether not any special precautions 
are desirable when treating with creo- 
sote-penta. should borne mind 
that most—some the 
contract suppliers that treat with creo- 
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sote-penta have had corrosion 
culties; fact, the Jacksonville plant 
reports after years creosote-penta 
corrosion problems over 
and above those which occur 
with steam-conditioned green poles. 

The question arises occasionally 
whether not there are any prob- 
lems associated with dissolving penta 
the cerosote. making the solu- 
tion (17, 18), the penta actually dis- 
solves more readily creosote than 
pected, course, because the high 
solubility penta the hot, aromatic 
coal tar derivatives. 

concerning the handling the solu- 
tion pipe lines, pumps, treat- 
ment generally. The solution appears 
have practically the same character- 
istics straight creosote. 

From the standpoint safety and 
health, the normal precautions usually 
taken handling creosote and chem- 
icals the pentachlorophenol type are 
recommended for the combination. 
Since both materials have been used 
plants for many years without undue 
risk, health hazards are contem- 
plated handling creosote-penta, let 
alone handling the treated product. 
Olafson and Leutritz (19) carried out 
highly convincing tests that show the 
combination relatively non-toxic 
cattle, and that the formation 
chloronaphthalenes capable causing 
hyperkeratosis, Disease) did not 
take place during treatment poles 
with percent penta creosote. 

facilitate the use this preserva- 
tive combination others, data have 
been provided the American Wood- 
Association through their 
Committee Preservatives” 
detailing the information necessary for 
this committee give consideration 
making this preservative Associa- 
tion Standard. This 
came available the Association 
the Annual Mecting New York 
April 1960, now preprint form, 
and published the report 
Committee the Proceedings 
the Association Vol. 56, 1960. 


Cost 


The basic increase cost for creo- 
sote—2 percent penta treatment re- 
flected the cost the added penta- 
chlorophenol. This has been calculated 
about cents per cubic foot 
wood treated, which appears 
well worth the value received bring- 
ing about higher level perform- 
ance through elimination the risk 
poles with marginally low retention. 
course, this basic increase must 
added charges for new pipe lines, 
required, other facilities that 
might prove essential the produc- 
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tion clean, well-treated poles. Such 
charges would obviously vary from 
plant plant. Direct cost comparisons 
are difficult make because two other 
improvements have been introduced 
simultaneously the equation—a) 
the introduction the assay method, 
and new inspection control pro- 
cedure that places the responsibility 
for quality directly the supplier. 


Resumé and Conclusions 


Early failures 8-pound creosoted 
southern pine poles are being reported 
higher rate than was originally 
presumed, particularly the South. 
reduce the number low-retention 
(tisk) poles, either higher overall 
retention the use more toxic 
preservative indicated. adding 
two percent, weight, 
chlorophenol coal tar creosote, the 
toxic efficiency increased some 
percent over that obtained using 
either creosote 
alone. This added toxicity will take 
most individual poles with low reten- 
tions out the risk class. The chance 
bleeding still minimized because 
the liquid retention level not in- 
creased, 

The added efficiency creosote- 
penta has been demonstrated repeatedly 
laboratory soil-block bioassay. Com- 
parative tests outdoor plots the 
further confirm those findings. Tests; 
pole-diameter posts and poles 
line are also favorable, but the period 
service admittedly short for the 
creosote-penta combination 
Pole line performance the 50/50 
creosote-penta-petroleum mixture has 
been excellent since 1942, however, 
and should presage even better per- 
formance for the new preservative. 

All southern pine poles for Bell Sys- 
tem use are now being treated with this 
new preservative under 
specification. date, approxi- 
mately one million poles have been 
treated with creosote-penta solution 
and shipped all states the 
Rocky Mountains. The general features 
creosote-penta treatment are the 
same those for straight creosote 
treatment. Creosote-penta poles are 
similar surface appearance poles 
treated 8-pound gauge retention 
with straight creosote. The elimination 
early and costly failures southern 
pine poles without increasing the risk 
getting dirty poles being accom- 
plished the use the creosote- 
penta solution. 
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Collapse Some Eucalyptus after Treatment 


Inorganic Salt 


REDUCTIONS col- 
lapse (8, been re- 
Eucalyptus camaldulensis, 
Israel, after was soaked 
dilute hydrochloric acid and 
dilute acidified solutions sodium 
chloride and zinc chloride. the 
other hand, considerable amount 
work chemical seasoning has 
never shown any evidence useful 
reduction collapse Australian 
timbers after they were soaked 
solutions sodium chloride, urea 
and other compounds. The same neg- 
ative result was found Ellwood 
(7) with regnans veneer. 

Runkel (13) suggested that the 
inception collapse may related 
the proportions and distribution 
chemical constituents the cell 
wall. 

The present work was designed 
test the effect immersion inor- 
ganic salt solutions collapse 


contributed paper, received August, 1959. 
ture Cited the end this paper. 


RESULTS 


TESTS 


KAUMAN 


Division Forest Products, Commonwealth 
Scientific and Industrial Research 
Organization, South Mel- 
bourne, Australia 


Collapse was increased 
markedly when the wood was 
affected chemically, but not 
when effect was mainly 
physical. Loss lignin 
and hemicellulose basic 
solution also increased 
non-recoverable collapse. 


addition, the relation between col- 
lapse and some chemical constitu- 
ents the cell wall was explored 
drying regnans wood extracted 
with sodium hydroxide and sodium 
chlorite. 


Experimental Procedure 


Treatment camaldulensis 
(Dehn.) Inorganic Salt Solutions: 
Material this species was avail- 
able only the air-dry state. One- 
half inch cubes were prepared from 


sapwood and heartwood three 
Australian and three Israeli trees, 
and were soaked distilled water 
under alternating vacuum 
mospheric pressure until saturated. 
Two heartwood and two sapwood 
specimens from each the six trees 
were allotted random for treat- 
ment each the salt solutions 
listed Table 

The specimens were immersed 
the various solutions for days, 
then dried low temperature and 
steamed for hours 
tion”. They were then again im- 
mersed the solutions for days, 
sealed the end grain with nitro- 
cellulose lacquer, and dried 150°F 
dry bulb and 144°F wet bulb tem- 
perature. After another recondition- 


The Author: Dr. Kauman 
holds degrees physics from 
the Royal Melbourne Techni- 
cal College and the Univer- 
sity Melbourne. joined 
the CSIRO 1948, and 
Research Officer the Sea- 
soning Section, 


AUSTRALTA AND 


(Per cent. total shrinkages oven-dry state green dimension) 


Total Shrinkage Refore Reconditioning 


Total After Reconditioning 


dist. 19.6 14.8 11.0 10.6 9.9 
} O.74N ZnCl 19.8 29.0 9.7 12.8 15.8 84 10,1 
Significant differences between two means 
per cent. level 6.6 


Australia Material grown Australia. 
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Israel Material grown Israel. 
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ing treatment, they were oven dried 
air 220°F. The double im- 
treatment was designed 
ensure complete penetration the 
salt this initially air-dry material. 
Control specimens were immersed 
water for days and then dried 
and reconditioned. 

Shrinkages were determined 
percent moisture content before and 
after reconditioning, and were ex- 
trapolated the oven-dry state, 
means the linear dependence 
shrinkage moisture content es- 
tablished for salt-impregnated wood 
Stamm (15). 

Treatment regnans (F.v.M.) 
Inorganic Salt Solutions: Onc 
inch cubes from the heartwood 
two trees regnans were allotted 
random the treatments shown 
Table and immersed green from 
the saw for days. Each treatment 
included two specimens from each 

After immersion, half the number 
specimens were end-sealed, and 
all specimens were then dried 
150°F dry bulb and 144°F wet bulb 
temperature, oven dried 130°F 
under approximately inch vac- 
uum, reconditioned (after condition- 
ing moisture content about 
percent) and finally oven dried 
air Shrinkages were 
measured the oven dry state. Se- 
lected specimens were analyzed for 
salt retention. The collapse-free 
shrinkage was measured 
cross-sections 1/32-inch length 
the fiber direction (8) and corrected 
for salt retention (15). 

Extraction regnans with So- 
dium Hydroxide and Sodium 
ite: Cubes 0.4 inch were treated 
0.5N solution sodium hydroxide 


and 300°F for hours. 
Some additional material, including 
microtome sections 200, thick radi- 
ally, was treated 0.1N and 0.5N 
NaOH for hours. Control 
specimens were immersed distilled 
water 65°F for days, and 
300°F for hours. 

Microtome sections were also 
treated 0.25 percent sodium chlor- 
ite solution 158°F for 
hours the method described 
von Koeppen and Cohen (10), 
which ensures extraction most 
the lignin after hours without 
greatly affecting the hemicelluloses. 
Control specimens were treated 
distilled water under similar 
conditions. 

Each the above tests included 
either specimens. Immediately 
after the completion immersion, 
all specimens were air-dried and 
shrinkages were measured per- 
cent moisture content before and af- 
ter reconditioning. 

few specimens were analyzed 
for lignin content after extraction 
the method given Ritter, Se- 
borg and Mitchell (12), with some 
modifications developed the Divi- 
sion Forest Products, 
(unpublished data). Pentosans were 
cording the method described 
Doree (6), except that thiobarbit- 
uric acid was used instead phloro- 
glucinol the precipitant (cf. 11). 


Results 


Treatment Inorganic Salt So- 
lutions: The total the 
oven-dry state observed camal- 
Total shrinkage detined the sum the 
total collapse and the 


shrinkage determined on specimens 1/32 inch in 
the direction (8). 


dulensis before and 
tioning are summarized Table 
None the treatments investigated 
caused significant reduction to- 
tal shrinkage, but immersion 
either 0.07N 0.74N zinc chloride 
solution resulted, many cases, 
significant increases, compared 
the water-treated control specimens. 
The significant differences between 
any two means are included 
shrank and collapsed 
extent than Australian material, 
the heartwood the former 
more strongly affected 
chloric acid and zinc chloride. 


Table gives the results 
tion total shrinkages, the tab 
contains recoveries percentages 
total collapse and observed salt 
percentages 
the theoretical value, calculated 
successive approximations from 
relation 


(8) 


specimen (g) 

solution (g/cc) 

ume specimen 
specimen 
for salt retention) 
density wood 
stance (g/cc), taken 


Statistical analysis the results 
for regnans showed significant 
fore reconditioning except for treat- 


(Per cent. total shrinkages oven-dry state based green dimension) 
(per cent.) (per cent.) per cent. 
Solution 


Tangential Radial Tangential Radial 


Tangential Value 


5 per cent. 


level 
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PRESENT 
; @ TOTAL AMOUNT EXTRACTED. EXPERIMENTS 
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TIME OF TREATMENT (HRS) 


ments sodium bicarbonate. Speci- 
mens were reconditioned, the radial 
shrinkage some sodium chloride 
treated runs was significantly lower 
than water treated controls, 
whereas recoveries were significantly 
lower after treatments sodium bi- 
carbonate. There was also evidence 
that the oven-dry weights speci- 
mens treated sodium bicarbonate 
during the immersion. Acidification 
with 0.0002N hydrochloric acid had 
significant effect shrinkage. 
Total shrinkages before recondition- 
ing and collapse recoveries were, 
general, several percent greater 
scaled than unsealed specimens, 
but this effect was only significant 
the radial direction before recondi- 
tioning and the tangential direc- 
tion after reconditioning. Table 
gives mean values all specimens. 

The normal shrinkage varied only 
slightly with different treatments. 
For instance, regnans heartwood 
(Table 2), average 
ages were tangential 
(range 9.1 10.7) and 6.5 percent 
radial (range 5.9 6.8). Observed 
variations total shrinkages are 
thus largely due collapse. 

Extraction with Sodium Hydrox- 
ide and Sodium Chlorite: Amounts 
material extracted with sodium 
hydroxide (corrected for retention 
NaOH) after various periods and 
stimations Klason lignin and 
are plotted Fig. to- 
with plots experimental 
obtained Bland and Batter- 
for extractions 300°F. 
material was found 
ontain percent lignin and per- 
pentosan. 


Observations total shrinkages 
and collapse recoveries after extrac- 
tion with sodium hydroxide and so- 
dium chlorite are 
Figs. With increasing time 
extraction, total shrinkages progres- 
sively increased maximum level, 
whereas recovery during recondition- 
ing decreased practically zero. 


Discussion 


ganic salt solutions may divided 
into (a) treatments that 
cause any appreciable change the 
chemical composition the wood 
substance, and (b) treatments that 
cause such change, 


50 


40 


TOTAL SHRINKAGE 


TIME 


TANGENTIAL SHRINKAGE BEFORE RECOND! 


TANGENTIAL SHRINKAGE 
AFTER RECONDITIONING 


RADIAL SHRINKAGE BEFORE RECOND/TIONING 


0.5N 


through extraction constituents 
chemical reactions. 

Treatments sodium chloride 
and calcium chloride may con- 
sidered group (a), whereas 
the treatments zinc chloride and 
sodium bicarbonate probably belong 
group (b). The hydrolytic effect 
probably negligible, but concentra- 
tions 0.01N higher may con- 
sidered group (b) treatments. 
Extraction with 
sodium chlorite is, course, also 
group (b) treatment. 

Tables and show, general, 
significant reduction total 
shrinkage after treatments group 


RADIAL SHRINKAGE AFTER RECONDITIONING 


bet. Reco. 


SHRINKAGE OF 


CONTROLS «-Rod. bef. Reco. 


aft. Reco. 


x—Rod. aft. Reco. 


20 JO 40 60 80 90 68 336 
WEEK 2WEEKS 


Fig. 2.—Total shrinkages and collapse recoveries after treatment 


0.5N NaOH 65° 
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(0.4 inch cubes). 
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TANGENTIAL SHRINKAGE 


TANGENTIAL SHRINKAGE AFTER 


RECONDITIONING 


TOTAL SHRINKAGE 


DURATION PRETREATMENT 


TANGENTIAL SHRINKAGE BEFORE 


TANGENTIAL SHRINKAGE AFTER 


4/ 


RECONDITI 


Fig. 4.—Total shrinkages and collapse recoveries after treatment 158° in: 


(a). noted before, variations 
total shrinkage are largely due 
collapse. The slight reductions ob- 
served with the higher concentra- 
tions sodium chloride may, how- 
ever, explained part the 
bulking effect the salt (15). 

After group (b) treatments, total 
shrinkage and hence collapse was 
most increased 
and recovery reduced. 

the other hand, Chudnoff (3) 
obtained considerable reductions 
collapse after immersion cam- 
aldulensis sapwood zinc chloride 
solutions. Chudnoff encountered 
comparatively severe collapse un- 
treated sapwood control specimens, 
however, which suggests unusual 
properties the material used. 

The extraction treatments with 
sodium hydroxide and sodium chlor- 
ite indicated increase collapse 
intensity and, the same time, 
decrease recovery with progres- 
sive reduction lignin and hemi- 
cellulose (cf. Fig. and 5). 
Although progressively greater up- 
take sodium hydroxide through 
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diffusion with increasing length 
treatment may expected the 
0.4 inch cubes, the results with mi- 
crotome sections show that penetra- 
tion effects could not solely re- 
sponsible for the 
crease total shrinkage. Weak con- 
centrations 
which may expected extract 
only the more 
loses, increased collapse without ap- 
preciable effect the shrinkage af- 
ter reconditioning (see Fig. 4). 
The hemicelluloses form matrix 
supporting the cellulose framework 
the cellwall, and are considerably 
more hygroscopic than either cellu- 
lose lignin (2, 14). Their partial 
removal could thus result greater 
total shrinkage, simple 
displacement effect changing 
the stress distribution and strength 
properties within the cell wall dur- 
ing drying. Lignin known en- 
hance the elasticity the wood sub- 
stance and act reinforcement 
for the cellulose frame (17). De- 
pletion the lignin content should 
thus increase collapse and, addi- 


TANGENTIAL SHRINKAGE BEFORE 


SHRINKAGE AFTER RECONDITIONING 
RADIAL SHRINKAGE AFTER 


TANGENTIAL SHRINKAGE BEFORE 


RADIAL SHRINKAGE BEFORE 


AFTER 


DURATION PRETREATMENT 


RECONDITIONING 


0.05N NaOH 200 sections; 


tion, reduce the ability the wood 
recover. the other hand, the 
effects observed could also due 
the rupture bonds between 
wall constituents the chemicals 
cals with the residual wood 
substance. 

The present results thus not 
yet permit unequivocal 
tation the observed behavior, 
appears that both lignin and 
celluloses play important part 
determining collapse intensity, 
that reconditioning recovery may 
related the presence lignin. 
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Building Codes: 


THEIR RELATION FOREST PRODUCTS 


FOREST PRODUCTS INDUSTRIES 

are vitally interested 
codes, because, insofar products 
the forests find their market com- 
ponents building construction within 
irban areas, they are subject influ- 
traint building codes 
by-laws. 

state this another way, fact 
nat the building official, backed 
building code, can apprecia- 
degree determine fully 
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beneficial, must ex- 
pertly interpreted and 
properly administered. 
They must provide safe- 


guards, yet not restrict ini- 
tiative design, use 
materials, method 
assembly. 


~TREATED SPECIMENS 
BEFORE RECONDITIONING 


SPECIMENS 
RECONDITIONING 


CONTROL BEFORE RECONDITIONING 


AFTER RECONDITIONING 


Fig. shrinkages and collapse recoveries after treatment 
0.25 percent 158° (200 sections). 
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much about the materials 
methods their use they into 
buildings True, the 
building official not the ultimate 
consumer, but nevertheless the effect 
can much the same having 
market for certain forest products that 
cannot sold for uses which are 
unlawful under the applicable build- 
ing code. 

the other hand, can said 
that good building code, properly 
administered, can good for forest 
products markets being liberal and 
thus inducement practical and 
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economical construction with such 
fact, good building code 
good for all construction materials. 
good for those who build, whether 
with their hands their money. 
gives order the process build- 
ing and the resulting community. 
Then again, poor building code can 
depressive not only materials 
markets, but also labor, design- 
ers, builders and definitely the 
community. 

Building codes subject quite 
large. Much that written and said 
about them incorrect. will 
neither possible nor appropriate that 
more than fast look some the 
principal elements attempted 
this occasion. 


What Building Code? 


The term “building generally 
means codification the local laws 
that regulate the construction, occu- 
pancy, and use structures. Building 
codes include provisions for structural 
stability, and precautions for safety 
persons and property from fire. 

Many building codes contain provi- 
sions that regulate mechanical and 
other elements. its strictest sense, 
“building means codification 
building by-laws that would include 
every law that regulates building con- 
struction and use. Some the major 
subdivisions such would zoning 
laws, which designate the uses that 
may made land and buildings ac- 
cording their location 
governmental jurisdiction; 
ing laws (inclusive slum clearance 
laws), which would have with 
the minimum standards for housing 
and which are some respects social 
laws that they closely relate the 
welfare, health, and moral aspects 
urban life. The building code invaria- 
bly includes designation fire limits 
and further restricts construction within 
such limits, There are other regulations 
that are building laws, and these 
times get all mixed into one pot; 
other times they are not 
rated but administered different 
contradictory. 


Some are buried state laws se- 
curely designated “hidden 
building they stayed hidden, 
they would concern one, Often they 
are hidden best from the one who must 
ultimately foot the bill for compliance. 


The Author: John Fies, 
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Many jurisdictions have fire preven- 
tion laws, which serve very important 
need and which should supplement the 
building laws but not overlap them. 


Authority for Enforcing 
Building Codes 


The authority buildine code 
based upon the police power the 
political government that has jurisdic- 
tion, whether state, county, 
municipality. Today, with our demo- 
cratic way life, the police power 
should not deprive individual 
rights freedom choice action, 
except such deprivation may es- 
sential protect the public peace, mor- 
als, health, safety welfare. The 
building code under such police pow- 
ers serves safeguard life, health, 
and property and about buildings. 

enforceable under the police 
powers, building code must rea- 
sonable and certain. must not 
arbitrary, oppressive, nor discrimina- 
tory. Esthetic considerations alone are 
generally not supportable 
ing laws. 


Historical Background 


The building code not modern 
concoction. The history building 
codes extends back for thousands 
years. Such history, being neither dra- 
matic nor romantic, difficult find. 
Historians did, however, record some 
it. find mention building 
laws from the time the ancient 
Babylonian Empire Hammurabi 
about 2000 C., through Nero’s 
Rome, into twelfth-century Europe, 
England before the Great Fire Lon- 
don, and the Americas soon 
urban life provided the need. The 
more America becomes urban, the 
greater the need. 

Historians did not clearly differenti- 
ate between building laws 
ing Even 
today there are those who think that 
the provisions building code 
specifications for esthetic and efficient 
structures. 

building code should not 
detailed construction specification. 
Building codes must permit the exer- 
cise individual initiative design, 
the use materials, and method 
assembly where the result equally 
stable and safe compared with the 
minimum standard duty perform- 
ance needed. 

through his architect, engineer speci- 
fier, draw his contract, plans, and 
specifications result the build- 
ing needs with due consideration 


for arrangement, rentability, mainte- 
guards for the owner are not the re- 
sponsibility the building 


While are the subject 
specifications, should mentioned 
that there has been lot discussion 
within the last decade about building 
codes being performance rather 
specification codes. 
who say that building code shoul. 
not specification code have 
mind the same thing stated above. 
needs clarified further, 
because the courts will require that 
code provisions, enforceable, 
far from the 
This, however, can resolved 
statement performance required 
meant standard duty required 
that the details how met, 
the specification, only recited 
way meet the required performanc 
assure this interpretation, 
modern building codes now provide 
procedure for the acceptance 
nate materials and methods co: 
struction which accomplish 
quired standard duty. good 
ing code will thus permit the use 
materials methods that comply 
recognized standards 
through acceptable 
esses and qualified agencies. 


Providing Fire Safety 


Building 
should only far enough 
reasonable precautions for 
structure under the assumed use and 
loading. The fire precautions 
building code should adequate, yct 
the minimum necessary: 
time and means for the safe egress 
occupants should fire occur; confine 
fire reasonably the building, 
and story its origin; and give 
fire fighting services ready access 
and chance control the fire, 
cial occupancies and unusual 
tions, course, need 
tions. Unfortunately, there are within 
many building codes restrictive 
sions that fail 
increased stability fire safety 
tify the difficulties and expense 
provisions impose upon construction 

Adequate fire precautions incorp 
rated into building however, are, 
portant for the successful control 
fire, and such precautions are need: 
whether the materials 
are combustible non-combustible. 


Many building codes not 
quately recognize the fire potential: 
contents, and over-emphasize 
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ural parts. The use building mate- 
ials that will not burn not itself 
guarantee fire safety. For fire-safe 
onstruction, the proper use mate- 
ials and the overall arrangement 
building are greater practical 
nportance than the selection the 


Some the largest fires have oc- 
irred industrial plants supposedly 
incombustible construction and 
building codes may found 
hat unlimited heights and areas are 
types construction that are 
msidered that is, where 
‘he structure—like pot-bellied stove 

ire Unlike such stoves, fire- 
buildings are damaged fires 
contents, and the cost repair- 
ing fire damage these more costly 
buildings appreciable. Some types 
buildings are quite durable 
when subjected fire, yet are often 
limited size building codes. Such 
codes discriminate against timber 
buildings. 


Building Code Administration 


building code complete with- 
out provisions for adequate adminis- 
tration and enforcement. Little 
gained community that has laws 
regulating building construction where 
there are inadequate provisions for 
entorcement. 


building code can administered 
effectively the public interest—or 
may administered way harmful 
municipal building official with his 
codified building laws like cook 
with his cook book, good cook can 
prepare palatable and wholesome 
meal, regardless the quality his 
cook book, while poor cook may fail 
get the desired effect from even 
good recipe. 


capable building official, when 
backed the governing body his 
municipality and supported public 
opinion, can interpret and apply almost 
any code manner that effective 
ind beneficial the public interest. 
poor official one who unsure 
himself because lack public sup- 
port political pressure can harm his 
ommunity substantially. 


should follow, then, that are 
interested good administra- 
building codes good codes. 
‘any problems brought our atten- 


code itself. building code were 
attempt spell out every detail, 
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would fill many volumes. were 
many volumes, its bulk inertia 
would create more problems. oper- 
ate with reasonably sized code text, 
there must interpretations, and these 
must rest upon experience and good 
judgment. 


Interpreting Building Codes— 
How Much Discretion? 


The official charged with the admin- 
istration building laws has tre- 
mendous responsibility. With responsi- 
bility must authority. matter 
how detailed the building code may 
be, must some extent exercise 
judgment deciding compliance with 
the code. Some building officials know 
that they have considerable discretion 
and know the pitfalls; but many build- 
ing officials strive for exact compliance 
with the letter the law. 


Some this confusion the 
interpretation building codes be- 
cause, although building code 
fundamentally remedial law, that is, 
one intended construed liberally 
and beneficially overcome the mis- 
chief that the legislative body intended 
remedied, there are most build- 
ing codes several sections that list 
penalties, such the statement that 
violation the code misde- 
meanor punishable fine and/or 
imprisonment. 


The presence few penalty pro- 
visions places the code the shadow 
penal code that requires strict 
interpretation, takes the wisdom 
Solomon navigate safely between 
the two, and many building officials 
take the safe route, least for the 
early years their term building 
official. 


How does the building official get 
this wisdom Solomon? There are 
several ways, such years experi- 
ence with good public support, attend- 
ance meetings with other building 
officials, and attendance schools for 
building All which places 
responsibility upon his superiors 
see that the building official has the 
opportunity get that wisdom and 
the backing use his wisdom. 


Most building codes provide help 
for the building official with respect 
interpretation his building code 
creating for him Board Stand- 
ards and Appeals, which can relieve 
him some the personal responsi- 
bility code interpretation, particu- 
larly where there much stake. 


building has quite bit 
authority. can apply penalties 
that can quite expensive the 
builder. Besides the misdemeanor pen- 


alty already mentioned, can issue 
stop orders, which can very costly 
builder who has much labor and 
completed removed even the 
complete demolition structure that 
violation his code. 


Building Code Adoptions 
and Revisions 


probable that every munici- 
pality any size within these United 
States has building code sorts 
effect. Many counties have building 
codes and there are some state codes. 
Whether these are good codes bad 
codes, the builders have meet the 
requirements prescribed insofar the 
not enforced, one learns how bad 
is. fact, may read impressively 
that some other city may elect copy 
it, not knowing the consequences. 


The municipal building codes within 
this country may roughly classified 
into five general categories follows: 


Codes that have been composed 
locality code; 


Codes that are copies nation- 
ally recognized model building 
codes with few amendments; 


Codes that are copies nation- 
ally recognized model building 
codes but with extensive revi- 
sions and modification suit lo- 
cal needs; 


Codes that are prepared and 
sponsored state governments; 


Model suggested code texts 
prepared state municipal re- 
search bureaus municipal 
associations. 


should pointed out that certain 
regulatory documents specifications, 
such the Federal Housing Adminis- 
tration Minimum Property Standards, 
are not building codes because they are 
not enforced under the true police 
powers the state. Such documents, 
although not within the scope this 
discussion, can nevertheless have 
great impact upon forest products 
markets. 


Some the reasons that 
ties adopt building codes are: 


good code can contribute ma- 
the orderly growth 
city, the improvement 
property values, and the 
avoidance slums; 


The adoption accredited 
building code can factor 
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getting the city better classifi- 
cation for fire 
purposes. 


The Federal Government, 
making Federal aid available for 
slum clearance and other hous- 
ing purposes, considers the ade- 
quacy the local building laws 
before the approval grants; 


Industries seeking sites for new 
plants consider the building code 
plant and future plant expan- 
sion and safeguard em- 
ployee housing. 


Some the reasons for revision 
building codes are: 


The present code out print 
and needed revisions should 
accomplished before 
sive new printing; 


existing code has become 
patched amendments 
that overhaul needed; 


The building code has become 
political football and revised 
Campaign promise; 


New materials methods 
construction appear warrant 
code revision; 


Some disaster has produced hys- 
teria for more stringent laws; 


community decides adopt 
code that has uniformity with 
contiguous areas; 


Communities using model codes 
adopt new editions they are 


Basic standards which code 
requirements rest have changed. 


Some methods revising building 
codes are: 


overworked 


Employ expensive code con- 
sultant; 


Adopt model building code; 


Adopt state code the code 
another city; 


Create building code revision 


Since local building code revision 
committee often established for code 
revision regardless the method used, 
few words about such committees 
are order. The committee that has 
the task preparing, selecting 
amending local building code usu- 
ally composed men who contribute 
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their time and who have other occupa- 
tions absorb most their attention. 
Though these committeemen may often 
represent professions and occupations 
identified with building construction, 
they may have had little prior occa- 
sion become technically informed 
all the specialized subjects involved 
the concept safety that under- 
lies building regulations. 
reasons these committeemen 
clined rely heavily upon the infor- 
mation (or misinformation) available 
them. Lacking good references, cor- 
rect information, and competent help, 
these committees can get into trouble 
the code revision can take many 
years. The forest products industries 
thus have the responsibility bring- 
ing correct and sufficient information 
about their products the attention 
needed. 


Some Concluding Observations 


Building codes will constantly 
change through the years because the 
available for construction and 
the methods construction change. 
Further, the attitudes people change 
what building codes and housing 
codes should do, what constitutes rea- 
sonable safety within the limits toler- 
able the public, and what consti- 
tutes public For example, 
unlikely that our early colonists 
ever heard slum clearance, yet the 
Romans did. fact, that has been 
cited one reason why Nero pur- 
ported have burned Today 
again hear slum clearance, 


the creation building code 
regulations should kept mind 
that the American people not live 
complete safety; rather they live 
relatively safe life, considering the 
hazards that surround them. 
safety not attainable. reduce 
appreciably the few life casualties due 
spread fire those buildings 
that conform with 
codes, the construction 
use requirements would have 
exacting, impractical, and uneconomi- 
cal curtain needed construction. 
fact, the requirements could 
restraining that the people affected 
might well prefer less safe with 
more freedom. 


The few deaths that 
from spread fire buildings occur 
mainly the older buildings that 
not meet present-day safety standards. 
After fire disaster, there may pub- 
lic feeling for more preventive laws 
and result attempts are made 
reduce fire casualties imposing more 


and more restrictions building 
codes. Since building codes mainly 
govern new buildings, they have little 
effect upon the buildings where 
the worst hazards exist. just such 
false remedies that cause the public 
relax that the traps remain 
for future victims. Further, the 
resulting pyramiding regulations ap- 
plicable new building 
stated before, depress construction, 
and thus markets for construction 
bor and materials. The need 
the propounding more theory and 
more regulations for 
ings stable and firesafe, but rath 
through education, persuasion, 
much enforcement possible the 
complishment the safety precautio 


codes. 


in 


Where building code regulatio 
and restrictions aim the 
conceivable instead the 
essential, they can surely defeat 
objective. For example, overly exa 
ing requirements for safety 
homes for the aged can, 
cost and impracticability, forestall 
terim alterations that, 
could well reduce the existing fire 
ards. Efforts should continually 
rected towards obtaining 
standards and 
weighted against the 
create. 


OW 


code has building code that has 
not been enforced, and 
adopts good code and enforces same, 
may well increase construction 
—not lower them. the other hand, 
where restrictive building code 
reasonable code has been severely cn- 
forced, the adoption reasonable 
code and the accomplishment proper 
administration thereof can reduce the 
cost construction. 


that building code provisions, 
for the model codes, are often worked 
out small committees. Most 
committeemen are conscientious and 
competent. Regrettably, few 
crusaders, with 
and some are not competent 
interested personal political 
pects. Further, some, although 
scientious themselves, are 
who would arbitrarily favor 
handicap certain construction mater 
under cloak concern for 
for modernization. Regardless 
how code revision committee 
stituted, its decisions can have 
impact upon building material 
kets. The forest products 
therefore have need give ample 
tention building code 
processes. 
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Machine Capabilities 


-s. mean the analysis the out- 
machine determine its nat- 
and machines have certain 
egree variability because varia- 
machines reproduce each operating 
cycle exactly successive parts, ma- 
chine wear, and forth. 

The essence machine capability 
studies that place number 
this variability, order lay the basic 
groundwork for improvement 
the also helps recognize 
the portion the total variability that 
can reduced feasibly. 

machine capability study may 
undertaken for anyone several in- 
terrelated reasons: 


rework, sorting operations fol- 
lowing certain machine oper- 
ation. 

determine which machine 
certain critical operation should 
run. 

give the Engineering Depart- 
ment idea what the ma- 
chines can the way hold- 
ing tolerances enable them 
set better tolerances. 

demand improvement 
chines purchased, based 
the capability the machine. 

discover machines that require 
maintenance, overhaul, 
should replaced. 

enable Engineering choose 
between alternate methods 
production. 


attempt control improve 
the quality any operation demands 
precise, factual knowledge that 


Presented Session XVI, Quality Control, 
14th National Meeting, June 5-9, 1960, 
ntrea!, Canada. 


The Author: Edward Han- 
sen graduate St. Olaf 
College, Minn., where he 
majored chemistry and 
math. joined Hamilton 
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Machine capability 
studies put numerical 
basis for improving qual- 
ity and recognizing varia- 
bility that can reduced. 
Methods compared are 
Vary Chart, and Span 
Plan Process Capability 
Analysis. 


Measuring Tools 


general, measuring tool must 
refined enough divide the toler- 
ance range into least units 
measurement, For most woodworking 
operations, this will mean 
ment capable measuring the near- 
est one thousandth inch. For 
example, the tolerance range plus 
minus 1/64 inch, the situation could 

this case the tolerance range 
divided into approximately equal 
spaces. This ideal situation. 


LOWER UPPER 
TOLERANCE TOLERANCE 
LIMIT NOMINAL LIMIT 


Fig. 1.—Deviation from nominal 0.001 inch units. 


operation. basic portion these 
facts lies the realm machine cap- 
abilities. Knowledge and use ma- 
chine capability information means 
dollar savings scrap, rework, and 
other wasteful costs. 


Basic Statistical Properties 
That Must Evaluated 


Any methods used must deter- 
mined their ability evaluate four 
process: 


The centering aim the 
process relation the toler- 
ance limits. 

The spread total variability 
parts produced the machine 
over extended period time. 

The capability inherent nat- 
ural variability that exists among 
successive pieces produced. 

The stability the process 
the extent which time affects 
the centering and capability 
the process. 


Techniques That May Used 


general, the choice techniques 
used depends primarily com- 
plexity the process. Three these 
techniques are: 


Multi-vary charts. 


Span Plan method 
capability analysis 


general, the and chart and multi- 
vary chart methods would used 
simpler problems, and the Span plan 
technique the more difficult and 
complex problems. 


assumed that the reader acquainted 
with various common statistical meas- 
ures and terms and techniques such 


average, range, 
normal distribution, and and 


charts. 


parenthese refer the litera- 
ture Cited the end this paper. 


471 


y 
4 
) 
t 
t 7 
q 
| 
Ss | 
| 
r 
anu 4 
010 
iG 
sts 
rd, 
yer 
the { 
red 
cn 
the 
ind 
1S, 
q 
ire : 
yr | 
7 
si n 1954. 


Measurement Simple 
Machine Capability 


and Charts, Frequency Dis- 
tribution, and Normal Probability 
Graph Paper: With reference the 
Statistical mentioned 
previously, four aspects the machine 
process must identified and evalu- 
ated: the centering; the total spread; 
the capability; and the stability. All 
possible variability must accounted 
for the sample determine 
the above aspects the process. 
order this, the following proce- 
dure could set and appropriate 
analyses made: 


Ten samples parts each 
could drawn from different lots 
made different times. Each sample 
duced pieces, and the samples from 
each lot should taken random 
times covering the entire period 
production one lot. 


The ten samples for each lot are 


plotted and chart with 
tolerance limits and control limits also 
plotted each chart. more than 
zero one points are out- 
side the control limits, the process 
considered unstable. This means that 
change takes place the process dur- 
ing period time. This valu- 
able clue that the process not 
statistical control and that there are 
assignable causes work. The process 
not stable. From the data from all 
samples, Then the 
culated. This quantity the capability 
the process. 

determine the centering, the 


grand average calculated from all 
the This tells how well the 
process centered between the toler- 
ance limits, 

frequency distribution made 
samples. From the frequency distribu- 
tion, the standard deviation 


culated the usual fashion. 
the spread the process, and in- 
cludes all types and sources vari- 
ability. 

the process unstable, then 
the spread will larger than the cap- 
ability. This indicates that the process 
could improved the location and 
removal the assignable causes, what- 
ever they may be. Stability actually 
measure the time time vari- 
ability present the process. Exam- 
ination the two sample and 
charts Fig. will illustrate very 
quickly and unstable 

Obviously, the process the left- 
hand chart stable. The right-hand 
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Fig. 2.—Analyzing machine capability means and charts. 


chart gives very clear picture in- 2a. Centering good. 

stability. also gives pretty good Spread larger than 

idea where look for causes this range, capability smaller 

excessive time time variability. spread. Process unstable 
the process stable, then the cap- locate assignable causes 

ability will statistically identical stability, economically fe. 

the spread, and may conclude that: ible, and remove. 

Centering good. 

Spread and capability both 
ceed specifications, 

Process must changed 
tolerance limits broadened. 


The process statistical con- 
trol. 

The only way improve quality 
change the That is, 
buy new machine process 
different manner, in- 
stance. 

Graphically, the following sit- 
uations could exist (Fig. 
machine capability study with 
stable process 
spread equals process capability. 
indicates the centering 

Capability good since 

are well within tolerance 
has been assumed that the 


Process good shape. study will pick any long-term 
location shows centering time the That is, the 
off, should recentered. data taken long 
operate within ability the 
limits shifting the aim. has been assumed that all 
the product goes through the same 
chine, the one that has been studied 
this not the case, similar anai 
would have made prox 
from each machine. 


has been assumed that the 
tive contribution error meast 
Ment insignificant. 


single measurement taken 
piece accurately represents the value 
Spread smaller than tolerance the measured quality characteristic 

range. action required, that the position which 

although the process could measurement was made has 
improved need be. ificant effect the measurements, 


analysis machine process 
ability, certain somewhat limiting 
sumptions have been made about any 
Their effect will not significant 
importance most work this type, 
but some cases may important. 
Some these limitations are given 
the following material. 


position indicates cen- 
tering good, 

process unstable, that spread 
larger than capability and points are 
out control the and control 
chart, the following typical situations 
could prevail (Fig. 4): 


la. Centering good. 
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Fig. 3.—Examples which spread 
equals capability. 


analysis will not complete until this 
variability has been measured. 


Assumption normality. has 
been assumed that the distribution 
the variable measurements concerned 
normal, Only the normal distri- 
standard deviations encompass 99.73 
per cent the measurements. 


If, because the appearance the 
histogram all measurements ques- 
tion arises whether this distribu- 
known ways which test the dis- 
tribution for normality. They are 
using normal probability graph paper, 
and using the (Chi squared) 
technique. The first relatively quick 
easy, but not precise 
second. 


Normal probability graph paper 
(2). This type graph paper can 
purchased from several companies. 
plotting the data, the best practice 
use the original measurements and 
some coded form them. Gen- 
ral rules for plotting are follows: 


Arrange the values ascending 
order magnitude, 


Mark graph paper with actual 
measurements the vertical axis 
(Arithmetic scale) and the per- 
centage values the horizontal 
axis. 
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The ith value plotted point 
equal its actual position 
the vertical axis, and point 
For example, the value 
1.005, which 10th rank 
1.005 and .10 the 


99+1 
horizontal axis. Determine the 
position the points the bot- 
tom half the data the 
percentile line and then start 
the top and work back the 
middle This may cause 
small amount overlapping, but 
the normal distribution in- 
significant. 


straight line may fitted 
the data holding clear 
straight edge the lowest point 
and swinging the edge until 
bisects the far half the data 
(that is, the points above the 
percentile line). 
the procedure, starting from 
where the straight edge lay 
the top the chart 
the lower half the data. 
this until the straight edge and 
the percentile vertical line 
divide the chart into four quan- 
drants, each with the same num- 
ber points. Then draw 
straight line through the data. 


good fit, the distribution nor- 
mal. The relative goodness fit 
can tested with the following 
simple tests. 

Count the number runs ob- 
served above and below the line 
two More consecutive points 
one side the line). the 
total number runs above and 
below the line 


n 


longest run contains less than 
points one can fairly sure that 
the data not conform the 
normal distribution. this the 
case, time shout for help 
from first-class 


test for goodness fit. This 
technique would only used 
case extreme importance where the 
results the study might critical 
sum money concerned. most 
cases where there doubt the 
normality the distribution data, 
method No. will suffice. Space pre- 
cludes detailing exactly how the 
test made. However, the texts num- 
bered and the bibliography ex- 
plain detail how calculated 
and interpreted. 


SPREAD 


Fig. which capability 
does not equal spread. 


Analysis Machine Capability 
With Multi-Vary Charts 


The multi-vary chart method cap- 
ability analysis primarily 
quantitative technique, wherein one 
can visually analyze the process. 

With this technique, the analyst, 
making the proper measurements, can 
study the relative contribution made 
within-piece variability, piece piece 
and machine machine variability. 
The basic procedures are follows: 


Several samples five consecu- 
tive pieces are taken from the process 
over period time. Two more 
measurements are made each piece, 
depending the part deter- 
mine variability within the piece. 

piece are plotted chart with the 
tolerance limits shown the chart. 
One vertical line drawn for the 
measurements each piece connect- 
ing the lowest and highest measure- 
ments. there are several machines 
studied, all machines their 
samples should shown the same 
chart make easier interpret. 

The chart may visually inter- 
preted shown Fig. 
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Fig. 5.—Three typical examples Multi-Vary 
chart capability analysis. 


condition where within-piece variabil- 
ity very important. This obvious 
because the length vertical lines 
almost equal the entire tolerance 
range, general, the average length 
the vertical line amounts more 
than the tolerance range, then 
the most fruitful place work re- 
duce total variability will with- 
in-piece variability. Usually this means 
work tool alignment, squareness, and 
forth, will have improved. 

Case shows case the ma- 
chine that unable reproduce its 
work cycle the same manner from 
piece piece. This obvious because, 
while within piece variability small 
shown the length the individ- 
ual lines, the consecutive lines jump all 
over within any given sample. Some 
factors look for this case may 
lose clamping gauging fixtures, in- 
sufficient rigidity, excessive clearance 
bearings, and forth. 

Case clear case the in- 
fluence time time variation. This 
easily seen because the trend from 
sample reduce this type 
variability, one should examine such 
factors tool wear, lot lot differ- 
ence material, and forth. From 
this brief discussion 
charts, can see simple but 
effective technique for isolating the im- 
portant sources variation among 
several possibilities. 


The Span Plan Technique 


The Span Plan technique was de- 
veloped Leonard Seeder and 
David Cowan (1). This technique 
essentially the use analysis vari- 
ance study quite preciely the differ- 
ent components that make the total 
variance process, Analysis vari- 
ance techniques are commonly applied 
experimental design problems. The 
Span Plan applies analysis variance 
the dissection machine variability 
means fixed series steps, 
sampling rules, precalculated conver- 
sion factors, and decision rules, which 
result very clear-cut analysis proce- 
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dure that will give the information 
needed make good decisions about 
machine capabilities. adequate for 
use the most complex situations that 
any quality control man likely 
find himself. based general 
method attack that will fit any type 

The explanation this technique 
will not into all the detail com- 
putation. will explain general the 
logic and generalized steps the analysis 
follows—those interested 
using the technique their own work 
should purchase, Literature Citation 
(1) from the American Society for 
Quality 

Fig. will help visualize what 
included the total spread 
process. Each the trapezoids Fig. 
shaped trapezoid instead rec- 
tangle give the idea variability 
within variability 
seen Fig. Fig. there are 
three streams that merge form lots 
finished product, with the pieces 
from each stream mixed randomly with 
the pieces from other 


FLOW 


WITHIN 
TIME TIME TIME 
STREAM 
POSITIONAL 


PIECE-TO-PIECE 
(INHERENT PLUS MEASUREMENT ERROR) 


WITHIN STREAM 


Measurements, taken the same 
position successive pieces, would 
show piece piece variability, (Sec 
center stream Fig. 6). This vari 
ability made inherent vari 
ability plus error measurement duc 
the measuring instrument. 
ments taken random positions 
piece would differ from the 
ments taken the same position, 
this would give measure 

positional variation, The total 
herent, error measurement, 
give within—time variability. That 

the amount variability me. 
ured within very short 

Measurements taken periodically 
samples collected (as the top 
Fig. would vary from one 
other because the time time 
ability within the stream. The 
the time time and within-time 
abilities 
ability. 

The next highest stage the 
variability, which will, course, 
larger total spread than the with 
stream variability. Lastly, the sum 
within-stream and stream 
variability within-lot variability. 
final total variability total 
will the sum the lot lot 
ability and within-lot variability. 

Now refer Fig. which shows 
the five stages the complete 
plan analysis, The general procedure 
for each stage given below. 


Stage Sample number lots 
finished product and determine the 
sample, lot lot variability, within- 
lot variability, and then sum get 
the total span. the total span 
the tolerance limits can re-aimed 


SPAN ANALYSIS 


Fig. 6.—A generalized example showing the meaning the different types 
variability dissected the Span Plan. 


SEPTEMBER, 


9AM 10 A.M 9AM 10 A.M. 9 A.M. 10 A.M. 
7 
A 
q 
7 
q 
J 
| 
| 
q 
q 
q 
7 
7 
| 
| 


ome ') 


pan cannot meet the tolerance limits, 
Stage 


Stage Again sample the process 
obtain the stream stream 
components the with- 
span. With the stream stream 
isolated, can deter- 
whether major factor that 
further work get the streams 
alike. 

Stage the within-lot span 
ill too large meet the require- 
again sample the process 
ich way measure time time 
samples consecutive pieces over 
period time. This breaks down 

within-stream span time time 


method 

others not familiar with statis- 
tical principles. 

eral technique the Span 
Plan. 

The technique not able 
analyze for different streams 
product show piece 
position, error measure- 
ment, long-term time con- 
tributions the total vari- 
ability. 

Multi-Vary Chart Method: 
Advantages 

length the vertical lines 
give rough measure with- 


further, the process still will 


not meet requirements, stage 

Stage Sample again 
down the within-time span into piece 
piece and piece-positional variabili- 

Stage Finally, break down the 
piece piece span into error meas- 
urement and inherent 


Visual inspection the rela- 
tive positions each vertical 
line gives idea the ap- 
proximate centering the 
process. 

Visual inspection the posi- 
tion the succeeding sam- 
ples gives idea long- 
term time trends (time 


dissecting machine variability. riod covered long enough. 
This brief overview the Span Visual inspection the scat- 
Plan technique has been given show ter among successive lines 
the procedures involved, and 
logical steps that are taken. The 
volved making the determination 
the meaning and significance the re- 
sults each stage done through 
analysis variance techniques and PROCESS 
certain rules significance, mathe- 
Conclusions and Review 
analyzing machine capabilities, let 
vantages each method turn. 
Advantages 
value for centering aim 


one can compute the standard 
deviation and arrive the 
spread the process. 

Capability objectively meas- 
ured 


” 


The control limits for and 


STAGE 


PIECE 
POSITIONAL 


WITHIN-TIME SPAN 


give objective measure 
the stability the process. 


the quality control 
Gives consistency interpre- 
tation different individuals. 


PIECE SPAN 


Fig. 7.—The five stages the 
Span Plan analysis. 
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each sample will give idea 
the capability. 

very easy explain and 
interpret others who may 
not familiar with statistical 
principles. 


Disadvantages 


Not precise enough because 
there are 
rules developed. 

Different observers may reach 
different conclusions. 

One cannot segregate error 


stream, and piece 
variabilities unless specialized 
sampling plans are developed. 


Span Plan Method: 
Advantages 


N 


Span 


The Span Plan can applied 
how complex, 

minimum preplanning, 
designing 
niques, and forth 
quired. 

high level precision and 
herent. 


reach identical conclusions 
because the decision rules are 
preplanned terms actual 
numbers. 

The Span Plan forces concen- 
tration only those factors 
which contribute most sign- 
ificantly the 

All the different types vari- 


ability can measured. 


The centering, spread, cap- 


ability and stability 
cisely measured the 


Disadvantages 


Each the steps must 
done order through all the 
sub-steps before one can 
move the next stage, which 
means small loss flexi- 
bility. 

may somewhat difficult 
sults when expressed the 
pictogram form Fig. are 
not difficult understand. 

mal distribution 
throughout the process. 
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THE were you the lum- 

ber veneer business the On- 
tario hardwood region, you would 
have found the 


Sawmill labor was paid 15¢ 
45¢ per hour. 


4/4 birch sold for $75.- 
per M/F.O.B. Mill. 


Birch stumpage sold for $1.00 
$1.50 per 

Winter log hauls spring 
drive were common 
North, railroad logging was 
common further South. 

Most mills were driven from 
central line shafts. 


Unions were not found the 
lumber industry. 


Provincial and federal taxes 
were 
cant. 

unemployment 
insurance, and 
grams were virtually unknown, 

Safety programs were secon- 
dary importance. 

10. The operation business was 
simple and direct. 


Contrast the above with today: 


paid $1.15 $2.00 per hour. 


4/4 birch sells for $290.- 
Mill. 


Birch stumpage sells for $12.00 
$15.00 per 

Year-around truck hauling 
replaced the sleigh haul, the 


drive and railroad logging. 


Session Lumber Manufac- 
FPRS 14th National Meeting, June 5-9, 
1960, Montreal. 


The Author: George French 
graduate the New 
York State College Fores- 
try with and degrees. 
also attended the New 
York University Engineer- 
ing. 


Face Our Problems: 


GEORGE FRENCH 


Hay Co., Ltd., 
Woodstock, Ontario 


Practically all mills built today 
have individual motor drives. 


Union organization very 
common. 


Provincial and federal taxes are 
very sizable, siphoning off ap- 
proximately one-half the 
profits. 


unemployment 
insurance, and pension plans 
are with stay. 


Safety work very important 
phase every industrial plant’s 
program. 

10. Business, with many new 
facets, has become 
dously complicated thing. 


stimulating discussion 
how face major 
problems the manufacture 
lumber and plywood 
brought rapid changes 
the economic climate 
during the last decades. 


These contrasts, which have de- 
veloped the last three decades, are 
evidence the evolution that taking 
place the logging, sawmill and 
plywood businesses. are faced 
with conditions today that would have 
made the rugged individualist 
years ago throw his hands 
despair. 

These situations, these problems 
with which are confronted today, 
are probably the best thing that could 
have happened the wood industry. 
and run. cannot afford ex- 
travagant and wasteful methods. 
are getting concerned—we are throw- 
ing off our lethargy. are beginning 
think because have become aware 
the fact that, unless find better 


methods and equipment, 
headed for economic oblivion. 


Until comparatively 
fact that only used one-half 
the log that brought from 
woods either the sawmill 
plywood plant was 
alarming. area was cut out 
was another area move to. 
sawmilling was relatively simple 
eration, grades were easy learn. 
bor, without the present cars 
highways, was not mobile 
Why worry about labor! Today 
the lumber and plywood 
are competing with mining 
smelter plants, with auto and 
with civil service, and with many 
ers for both labor 
arbitrarily determine what 
can afford pay. are 
with situation which are going 
have bid for labor relatively 
open market. are going have 
bid for “brains 
talent with industries who are well 
aware that, with the increase prob- 
lems running business today over 
those years ago, they cannot 
leave the selection training 
leaders chance. 


shrug our shoulders and 
say right, pay the extra cost 
for material, for labor, for supplies. 
we'll pass our customers 
have lost many markets 
get careless can lose 
more. There are few instances 
the peculiar properties wood 
many competitors for forest 
tion foreign lumber and 
Manufacturers moulded fiber 
ucts and panels, steel, brass, 
alloys, vegetable fibers, masonry 
ucts, will jump and seize 
all markets controlled for 
products pass these 
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The fact that wages are higher 


going higher, can read the har 
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the wall, does not mean 
the labor costs per unit pro- 
uction should up. The fact that the 
uality logs going down does not 
that the quality our produc- 
should down. The fact that 
going further for logs and that 
are shipping our finished products 
does not mean that the cost 
ansportation should up. What 
mean that have got take 
our coats, roll our sleeves, clean 
our glasses, dust off our brain cells 
get down work. have got 


have disease America today. 
are looking for easy answers. 
vant the government, want the as- 
high tariffs, crutches any 
sort. have got learn this new 
business environment stand our 
feet industry and work to- 
gether the degree that necessary 
grow and develop. 


opinion, after over years 
work the engineering, operating, 
construction and management phases 
auto body, furniture, logging, saw- 
milling and plywood manufacture 
both hardwood fields, 
that our answers are going come 
from one thing only, and that 
nite attention detail, detail too 
small avoid scrutiny, practice 
sacred avoid questioning, 
course action obvious but what 
should examined. Once under- 
stand the machine, the method, the 
technique, should determine first 
done better, more economical 
manner? many things our 
business that don’t stand sound 
business under critical examination. 
When find improvement pos- 
sible, then must have the courage 
execute our solutions. 


The life successful business 
contingent upon the ability that bus- 
iness make reasonable profit. Many 
interests and people are dependent 
upon this ability business make 
profit. Ownership dependent it, 
Those who their living 
business are dependent upon it. The 
our countries depend- 
ent upon profitable business. Transpor- 
systems, communication systems, 
communities—all are dependent 
stable, profitable business. 
that not profitable sick 
ndustry, hurts all those touches. 

the situation that makes un- 
ofitable can corrected, will die. 
profitable industry will attract good 

will attract capital; will 

bilize national and community life. 


good thing. 
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This profit basically the difference 
between cost sales and Sales 
Much could said about it. does 
not fall within the scope this dis- 
cussion other than state that, unless 
the products produced appeal cus- 
tomer, any effort spent improving 
methods manufacture and reducing 
costs wasted effort. 


Costs naturally are broken down into 
four categories: material, labor, 
load burden, and selling and 
shipping expense. spend little 
time examining them: 


Raw Material 


The raw material the sawmill 
and plywood veneer plant the log. 
The variations logs are 
There are characteristic variations due 
species. There are variations due 
age, the site which grew, 
knots, rot, forest fire damage, 
insect infestation, stain, These might 
classified natural influences 
the character log. The instant 
man puts axe saw into tree 
begins influence the character 
log. Supposing follow bucker 
and faller into the woods. must 
start using judgment immediately. 
Should fell the tree should 
leave standing? looks unsound, 
shows, the grain too 
should leave it. How defective can 
and still warrant cutting will de- 
pend the market, the cost log- 
ging and hauling, whether the sawmill 
plywood furnishes raw material 
the form chips paper mill. Be- 
fore the tree felled these decisions 
have made. Once the tree has 
been felled with minimum break- 
age, whole new series decisions 
neer log, should the saw- 
mill? These decisions are important, 
for veneer log lengths differ from saw- 
mill log lengths, Even after the deci- 
sion has been made send it, for 
purposes this illustration, 
sawmill, has got cut into the 
best lengths possible for the mill. Ten 
foot logs are undesirable many mills. 
20-foot log should cut into 
and foot length, 22-foot log 
into foot and foot log, and 
on. These lengths also will in- 
fluenced the character defects 
present. For example, 
sound foot log, inches diame- 
ter, with inch sweep it, will pro- 
duce percent more lumber and 
higher grade cut into two foot 
logs. 


Not over percent the wood 
fiber brought from the woods the 
form logs shipped from the saw- 


mill the form lumber from the 
plywood plant the form plywood. 
Logging practice can contribute mate- 
this loss. Correlation log- 
ging and conversion 
must close. The wood departments 
have got deliver more and more ma- 
terial from given stand the woods 
the conversion unit form that 
can converted profitably into salable 
products. This does not mean dumping 
the conversion unit. calls 
for the closest type cooperation be- 
tween the woods and the mill. 


There are, course, many logging 
costs and practices the wood that are 
concern the mill except 
they influence the cost logs the 
mill. The advent the power saw, 
year-around truck logging, im- 
proved log-handling equipment, the 
bulldozer and cat, have wrought many 
changes logging. Unquestionably 
the most frustrating, but still the most 
important, phase logging, get 
more the stand the mill form 
that can profitably utilized. This 
the big problem logging. 

Much the blame for wasteful 
practices and poor utilization raw 
material can laid directly the con- 
version units, There are many reasons 
for this. Certainly one the reasons 
emphasis the wrong goal. The 
common salutation the sawmill 
world “What production are you 
tion. Good production essential 
mill. significant, however, only 
when coupled with yield vol- 
ume recovery commonly spoken 
over-run, and the grade yield qual- 
ity recovery tied with the production 
per man hour. 


Let illustrate few situations 
the sawmills that are quite common: 

sawmill operator likes pro- 
duce scant lumber. play safe, 
not unusual for mill cut lumber 
inch full take care this condi- 
tion and avoid customer complaints 
expensive sorting techniques. Normally 
there some reason for scant lumber. 
may the carriage set works, the 
carriage tracks, the saw tension, the 
saw guide, half-frozen logs, some 
other reason. Rather than isolate the 
cause and eliminate it, cut the lum- 
ber inch full and cover up. 
see what the decision costs. Suppose 
are cutting birch, producing 4/4 
average value $100.00 per 
the rate 20M per day, for year 
240 days. have lost percent 
volume, extra labor cost log 
cost could have increased our sales 
recovery annual basis $28,000, 
had found the real cause and cor- 
rected it. 
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Another big cause reduced 
profits sawmill failure “to 
for quality”. There are many schools 
thought how saw lumber. 
don’t propose enter the argument. 
long the end results are correct 
don’t care which school followed. 
That first cut the log very impor- 
tant. determines large degree 
whether limit our defects one 
two faces, many cases, and whether 
get the maximum amount high- 
lumber. The veneral rule for de- 
veloping grade is: turn log whenever 
doing you can get higher grade 
board. The reason for this obvious. 


Another basic fact relative logs 
that the high-grade material lies 
band parallel the bark. This not 
new observation; has been known 
for years. Carefully controlled 
Canada birch logs with 
logs removed and Appalachian hard- 
woods have shown that, where logs 
were cut with the slab cuts parallel 
the bark, that is, taper sawn, increases 
amounted percent and that over- 
run was not adversely affected. Again 
going back the birch mill producing 
20M per day and not taper sawing, 
with sales value $100.00 per M., 
taper sawing would have improved the 
profit picture $500 per day $12,000 
per Unless one well equipped 
for taper sawing, reduction pro- 
duction could nullify this gain. The 
profit potential there. The method 
equipping the mill problem for 
each mill sweat out. cannot af- 
ford make wedges true ta- 
pered log with our highest grade mate- 
rial. should make wedges out 
$40.00 material, not $300.00 material. 


Thoughtful analysis will bring out 
additional fields study not only 
log break down but edger and trim 
work well. 


piece lumber, start pull its 
grade down. stack the yard 
are careless protecting the ends. 
leave the top layer exposed sun be- 
cause going add another 
course tomorrow. have seen 150 bd. 
ft. bright, clear 
because yard men 
failed protect it. Poor pile founda- 
tions, poor sticking practices, poor pile 
covers, all contribute their influence 
reducing profits. 


Two observations stand out con- 
sidering the sawmill industry, and they 
are just glaringly apparent the 
veneer and plywood industry: 

There surprising unawareness 

where our profits have disap- 
peared. 
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industry are not set 
with adequate 
controls evaluate improve- 
ments. get lost maze 
wishful thinking, half-hearted 
developments. get discour- 
aged. give up. 


must have, our daily control 
records, sufficient data keep tight 
rein our operations. results fade 
should know immediately 
can correct the situation. results im- 
prove, equally important know 
petuate the improvement. 


Labor 


second very important influence 
the cost manufacture lumber 
and plywood, and profits, labor. 

Wages per hour the U.S. and 
Canada have been steadily increasing. 
There are indications that will 
not increase some more. The standards 
living this country have been 
changing. Central heating, modern 
plumbing, refrigeration, push-button 
cooking equipment, radio, television, 
automobiles, and many other develop- 
ments unknown years ago have be- 
come necessities our way life. 
This change has created new markets. 
has spurred industry into undreamed- 
activity. has created desire for 
more money the part our people, 
which very Anything that 
might attempt not going 
change this trend. has become way 
life the Western world. 


This increase hourly wage tends 
frighten us. see labor costs go- 
ing up. see loss markets 
competitive materials. see ruin 
ahead us. run the medicine 
cabinet for pills, for panaceas. talk 
glibly automation, increasing the 
speeds machines, wage-incentive 
schemes. have strong tendency 

What should roll our 
sleeves and work. 

have got change our basic 
concept labor. Labor most 
means hard physical work. means 
lifting, carrying, pushing, sweating. 
All these functions with modern 
developments production lines can 
better done with the use me- 
chanical, electrical, pneumatic, hy- 
draulic devices. 

When examine our operations 
manufacture, find that the impor- 
tant thing for which can find 
alternative for human effort judg- 
ment. What trees shall cut? How 
shall cut the tree into logs? How 
can get the most quality out 
the log the head saw? What widths 


will develop the edger? What 
lengths shall trim the Simi- 
lar questions are raised the 
facture veneer and Once 
these decisions have been made, the 
sooner, the easier they are put into 
execution, the quicker can get 
the next tree, the next log, the next 
board. 


can remember the 
light. wanted light, first 
got the lamp off the shelf. 
not cleaned after the last use 
cleaned and trimmed the wick. 
then got match, found some place 
strike it, lit the light, replaced 
chimney, and then set the light 
desired location. For years since 
period have been getting better 
located fixture. The important thi 
today the decision have lig 
Getting the light push-button 


our sawmills and plywood pla: 
have many hangovers the 
sene lamp days, spend too 
time, too much effort, executing 
decisions. The execution decision. 
frequently difficult, due the 
reasonable facilities, that the 
sion falls the wayside and 
make the profit should. 


sit automobile for 
while. have interesting 
panion and are holding 
starts rain. Without thinking 
push the windshield gets 
colder, push the heater button, 
want make turn, flash the turn 
signal, take our foot off the accelerator, 
step the brake, slow and make 
the turn. The signal stops 
cally. step the accelerator and 
are off new direction. The 
sions were all made quickly. The 
cution, because the thought, the 
planning, the engineering and design 
that went into the car, plus the driver 
training, was fast and effortless. 


have got put this same sort 
thinking into the woods, the 
mill, and plywood operations. 
any more than can eliminate ‘he 
driver behind the wheel. 
eliminate the necessity beef 
brawn for back-breaking labor, 
time the execution decisions. 
can also provide facilities for 
vision, for conveniently placed 
trols, for eliminating reduc 
fatigue. 

These things can done and 
labor rates highly competitive 
ket. They are, however, the easiest 
the job. The difficult problem, 
ing reduced the physical effort 
ging, sawmilling and plywood 
facture its proper place the 
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re, give the operator the proper 
think with. 


What are these tools? Basically they 


values and methods getting 


lues from tree log. Suppose 
ait ourselves the sawmill—the 
inciples will apply other depart- 
ents. The character material 
varies all logs brought from 
woods. There some clear mate- 
and some low-grade often use- 
material each log. The problem 
the sawyer reduce this log 
that have the highest sale value 
the current market, The greatest 
value for given species are 
sociated with grades. Selects and Bet- 
birch are worth, roughtly, $300.00 
per M., Com.,—$150.00/M, and 
Com. worth $75.00/M. 


There are, however, other premiums 
sawmilling that are important. 8/4 
Birch F.A.S. sells for $315.00 M., 
for $290.00 per addition, 
increasing the average thickness 
lumber improves the volume yield 
over-run. Premiums are paid for 
lengths and widths, Most 
also cater certain customers and 
make special items that are good, 
profit-wise, for the customer and good 
for the mill. These basic considerations 
should common job knowledge 
anyone called make decisions 
the manufacture lumber. The values 
not have current. The crew 
does not have study lumber sales 
prices daily before they operate the 
mill. They do, however, have know 
grades and factors that affect values. 


addition being conversant with 
these values, the head sawyer must 
know, when sizes log, how 
get value out the log. hardwood 
log has one high-grade quandrant, this 
quandrant should not divided be- 
tween two faces. Conversely, poor 
quandrant should not split between 
two faces, and thus drag the value 
both down. Logs with pronounced ta- 
thickness, will yield wedges. 
These wedges should made the 
lowest grade material the log. Com- 
mon practice hardwood mills not 
only make these wedges out the 
material the log, but doing 
reduce the quality the good 
‘umber produced. Where the edgerman 
places his saw lines and where the 
man places his cuts should 

never have efficient sawmills until 

them manned with operators 

will react just strongly the 

value our manufacture 

would man standing that 

burning the equivalent 

dollar bills. 
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The increased cost wages un- 
questionably staring the face. 
means radical change our attitude 
toward labor. have got take the 
backbreaking, time-consuming features 
out our mills. have got have 
men whom have confidence 
make decisions and who have the coor- 
dination and dexterity punch the 
button throw the light switch 
execute that decision. manage- 
ment have two prime responsibilities— 
have got labor with 
the physical equipment, and the 
tools with which make decisions. 
This calls for united effort the part 
equipment suppliers, engineers, 
maintenance people, supervision, and 
see that our mills are 
properly equipped and our operators 
properly trained. 

Before passing from this subject 
labor like dwell one theme 
for moment, been this posi- 
tion many times where have face 
the statement “It’s good theory, but 
the theory sound will Fre- 
quently development work and 
engineering, one has travel new 
back his conclusions. The going then 
would like describe briefly the situa- 
tion sawmilling the Northwest. 
The labor scale starts over $2.00 
per hour for 8-hour day. The mills 
are long way from the market. Be- 
cause the factor scarcity, the price 
stumpage climbed. Small mills be- 
gan fold. Large mills scrambled 
add chip plants, particle board plants, 
plywood operations, and even paper 
mills, get greater sales recovery 
their basic raw material—logs. Out 
this economic evolution new fac- 
tor began rear its head. Hard- 
headed, intelligent small operators be- 
gan study their operations, and with- 
out too much help from outsiders put 
together the push-button mills. Produc- 
tion figures developed were unheard- 
of. Quality manufacture was excel- 
They were not too concerned 
about the wage per hour. They needed 
men whose judgment they could rely 
on, not men whose strong backs they 
could lean on. Out this source came 
the riderless carriage, the push-button 
set works for the edger, and many 
other significant developments. 


The operators had taken off their 
coats and got work. That will 
our salvation survive the East- 
ern hardwood region. 


Load Burden 


Quite number factors into 
the development load burden. 
Because the time factor would like 
touch only three them, namely 


supervision, maintenance, and 
depreciation. 


Supervision the contact between 
plant operation and management, be- 
tween the plant and sales. Supervisors 
are responsible for the smooth opera- 
tion the plant, for the maintenance 
standards and equipment, for 
safety the crew, for labor relations. 
These supervisors, particularly small 
organizations, are very important peo- 
ple. With the complications pressed 
industry result more govern- 
ment controls, labor unions, and 
driving pressing business agents, di- 
unit large organization, not 
only must have good solution the 
problem with which confronted, 
must have solution which com- 
patible with the government, labor, 
and industrial regulations with which 
surrounded. 


Formerly was the custom make 
supervisor out good operator, 
ability get along with people. 
would call him into the office, make 
him foreman, tell him take over, 
we'd back him, and congratulate him 
his promotion. would also put 
him the monthly roll, that 
would not have bother with over- 
time. was good man—an aw- 
fully good man—he might make the 
grade. Today his chances making 
the grade are even less. The grade 
tougher. Able talent shy away from 
our industry. You blame them. 
The load put supervision 
heavy. give them little help, 
and expect proba- 
bly pay them all can afford to, the 
way run our business. 
pay them what will have 
want attract the caliber men 
need run our business profit un- 
der the social and economic conditions 
leave here, home, and tell our su- 
pervisors they are are all going get 
more money. would make sense 
home, analyse our supervisory re- 
sponsibilities, and state that when per- 
formance reaches certain levels the 
split for supervision will 
more money for supervisors. super- 
vision not measure up, then new 
talent will have hired and 
trained. Such talent demand today 
—competition high. Smart, able, 
young trained men have habit 
candidly evaluating possibilities, 

back bit and look cer- 
tain aspects our supervisory jobs. 
Remember that other than for few 
perfunctory remarks, have put 
man job and said “now you are 
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familiar with the basic information 
which the mill operated: 


must introduced the tools 
management, which are production 
reports, cost reports, safety reports, 
union contracts and agreements. 


must familiarized with man- 
agement’s policies hiring and dis- 
charge lay off men, handling 
grievances. 

should have routines carefully 


and thoroughly explained. 


should taken into the confi- 
dence management, insofar 
job affected, plans for the future. 

should given understand- 
ing how his work, his department 
ties into the work others and made 
feel that his part important 
one the successful operation the 
company. 

The amount money pay 
vision, draw the type people 
our industry that need, will un- 
doubtedly up. The returns good 
supervision, well selected, well trained, 
and equipped with the proper tools for 
running their jobs, will often the 
difference between profit and loss, suc- 
cess and failure. 


Maintenance Factor 


The second factor burden which 
merits attention maintenance. For- 
merly, maintenance was almost the sole 
province the millwright. han- 
dled the belts and line shafts, poured 
the babbit bearings, set the machines, 
repaired the breakdowns, and generally 
kept the mill running, sometimes with 
the assistance steamfitter and elec- 
trician. Today, maintenance respon- 
sible for equipment loaded with limit 
switches, relays, tubes, high frequency, 
all kinds pneumatic and hydraulic 
valves, cylinders and controls. Babbit 
bearings have been replaced with anti- 
friction units, which often are auto- 
matically lubricated are equipped 
with sealed bearings. longer 
maintenance primarily 
must make certain that our mainte- 
nance crews are not only receptive 
the change the nature their work, 
but that they are qualified handle it. 


One common development 
move toward mechanization saw- 
mills, logging operations, 
wood plants the changing ratio be- 
tween direct and maintenance labor. 
This situation requires constant watch- 
ing. When eliminate low-priced 
direct employee and find that have 
had put high-priced mainte- 
nance man, with improvement 
production quality, have made 
progress. fact, have slipped. 
This factor important that when 
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buy equipment machines 
should check from maintenance 
operating angle. don’t this, 
can assure you that can find our- 
selves some very embarassing 
positions. 


Depreciation Feature 


The third and last feature Load 
and Burden would like touch 
subject handle—it depends the 
life the operation, the tax structure, 
the nature the capital investment, 
whether the unit will operate 
one-, two-, three-shift basis. Gen- 
eral practice forest products indus- 
tries, where plant investment high, 
has been operate two- three- 
shift basis. This pretty near uni- 
versal practice paper mills, 
true for plywood plants the 
Northwest. not generally true 
sawmills. may well that, saw- 
mills, make them smaller, more 
compact, reduce the crews, that 
will find expedient make 
general practice two-shifting. 


Before closing the subject the 
cost production and dwelling briefly 
the cost selling and shipping, 
would like mention one check that 
essential evaluating new ma- 
chine, new process, new handling 
equipment. The cost the new ven- 
ture should superimposed 
Profit and Loss statement order 
insure that all factors costs have 
been properly evaluated 
ered. development does not 
show profitably after 
treatment this sort, the chances are 
that you either have more work 
before installation that you should 
drop like hot potato, 


Selling and Shipping Expense 


That portion the cost sales 
with which wish deal here the 
way our product loaded and graded 
and how shipped the customer. 

The lumber and plywood business 
gradually being forced ship its prod- 
ucts its customers better shape. 
not only has have quality—it 
must look like quality. Much our 
competition doing excellent job 
along these lines. Our 
doors and panels are carefully pack- 
aged. Certain plywood panels and 
ber items are before ship- 
ment. Just how far this trend will 
problematical. There are two items, 
however, which would like men- 
tion. The first that, industry, 
have tendency forget the value 
and use our products. have per- 
sonally spent hours intermittently cuss- 


ing and sanding remove blue crayon 
marks from lumber that could 
finish it. have seen high-grade 
ber with dirt from carrier travel splat- 
tered all over it. have seen plywood 
carried trucks exposed weather. 
have seen car loaders walking 
high-grade pine lumber, Little 
—yes, but still important. They mean 
that there are many men our 
who don’t realize the value the 
terial they are handling. the 
can constant leak. They 
money, even though the 
thrown out. 


Most our lumber today, 
open flat cars box cars, The adv: 
fork trucks and straddle-truck 
riers has brought about radical 
our yard, drying and storing fac 
ties. Customers are confronted 
handling problems well, and 
them also use fork trucks and 
dle trucks. This package handling 
lumber has become very import. 
technique the lumber industry. 
wider the pile stickered lumber 
more stable is. let the pile 
too wide, however, get into 
exceed four feet can’t 
two loads truck side side. 
use 4-foot-wide piles one section 
the operation and 5-foot wider 
another area, then have the prob- 
lem duplication equipment. Pack- 
age handling lumber with us. 
got analyze our green prob- 
lems, our stacker and 
lems, our seasoning and grading prob- 
lems, our customers’ desires and our 
shipping facilities, and then, and then 
only, can set our handling fa- 
cilities for keeping costs down. 


conclusion, would like reit- 
erate again that are going through 
economic evolution the forest 
products industries. With the 
timber going down, the 
equipment and labor rates going up, 
can’t continue the ways our 
forefathers. Our hope lies 
the slack that has resulted from the 
extravagant use our base 
and failure use labor efficiently. ‘he 
much easier result the tec 
logical developments the 
handling, electric, pneumatic, 
lic, and machinery fields. The 
the combined effort all us, 
ing the same field, pulling tog: 
and helping one another meet 
problems with which are 
today. 
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Applying Linear 


gramming the plywood indus- 

particular the softwood industry, 
nave recently been studied. This paper 
discusses the preliminary examination, 
augmented actual data wherever 
possible. The general value linear 
programming these applications 
having been confirmed this early 
study, more extensive work now 
being carried out for specific com- 
panies, 

The studies made have shown that, 
when costs are expressed simple 
way terms some volumetric meas- 
ure, the very significant contributions 
grade and other factors (sanding, 
glue, and forth) which depend 
surface measure, are hidden. Costs 
should rather considered, the 
Mayhew system, terms the prod- 
uct specifications and labor content 
plywood panel. The method ex- 
tending the cost studies that was 
sought should therefore provide better 
rules and guides aid management 
decisions, such log purchases, ve- 
neer production, and product mix. 
Two these problems (product mix 
and log purchases) are treated here, 
independently one another, show 
how the use mathematical models 
can improve the profitability ply- 
wood manufacturing enterprise. The 
models demonstrated are somewhat 
simplified but they are, nevertheless, 
realistic and lead meaningful and 
Simpler problems 
were treated because the limitations 
imposed small computer, the ab- 
sence necessary data for full-scale 
alculation, both. Larger problems 
ire now being investigated for specific 
ompanies. 


Problem I—Product Mix 


Softwood Plywood Production: 
purchases (or obtains from gov- 
owned land) logs that can 
peeled several thicknesses. Any 
yields veneer more grades, 
percentage yield among grades 
from log log even when 
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Linear programming 
techniques provide 
management with improved 
information aid 
decisions log purchases, 
peeling veneers, and 
using the veneers 
produce more profitable 
product mix. 
the solutions are 
and matrix elements. 


logs single grade are peeled the 
same thickness. Veneer costs then are 
subject somwhat arbitrary distribu- 
tion among the various grades (which 
are the “joint Even the 
best system allocating veneer costs, 
that assigning costs according the 
“realization” the finished products 
containing the grade, subject 
merited criticism. Another company 
using the same logs and peeling the 
same way could conceivably have dif- 
ferent veneer costs the product mix 
were different. Further, the same logs 
could peeled differently obtain 
still third set veneer costs 
grade. Since the assignment veneer 
costs depends the final product mix, 
these costs cannot used deter- 
mine product mix, 

Consider the Plywood Com- 
1956, this company pro- 
duced products the quantities 
listed Table Each final product 
required three more sheets ve- 
neer the following grades and 
thickness: 


Thickness Grades used! 
1/10” A, B, C, D, Cx, Dx 
) — A, B, C, D, Cx, Dx 
3/16” _- C, D, Cx, Dx 


'The subscript x indicates crossband. 


Assume that the available logs give 
the mixture grades and sizes re- 
quired for the listed quantities final 


Touche, Ross, Bailey, and Smart, 


product. The available veneer supply 
cannot justify costing veneer 
and thickness, cannot cal- 
culate profit per unit product. In- 
stead shall use meas- 
fined the selling price minus stand- 
ard trade discounts and those cost con- 
tributions (other than veneer) which 
are product-dependent (labor, glue, 
and forth). The problem can then 
expressed the following way: 


“Which product and how much 
each should produced from 
known distribution veneers 
various grades and thicknesses 
that the return maximized 


must tacitly assumed that can 
market any products manufactured 
without further discounts. This latter 
assumption will modified later. 
Now, grade sheet given 
thickness can used for any product 
that requires the grade sheet, The 
amount grade sheets limited; 
use the sheets for panels, 
restrict the possible production AA, 
and panels. Similarly the use 
sheets panels restricts the 
possible production other products 
requiring the sheets the same 
thickness. Hence all product are inti- 
mately connected. 
can expressed mathematically 
simple form, and the resulting math- 
ematical equations can manipulated 
the method linear programming. 


Let the fraction product 
produced (for example indi- 
indicates inch Exterior), and 
the fraction veneer avail- 
able indicates 1/10 inch, 
indicates 3/16 inch). Now, the 
total production requiring grade 
veneer cannot exceed the available 
quantity that veneer, 
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GRADE AND DECIMAL AVERAGE 
THICKNESS COMPANY FRACTION COMPANY 
9,781,000 .0786 15,750,000 
COMPANY COMPANY 15,776,000 28,119,006 .098 
3/8" 117,000 1/8" 12,011,000 .0965 33,710,000 
1,085,900 
5/8" 784 ,100 1,432,200 TABLE DEAL SOLUTION 
1 3 
n 
BB 
Exterior 


1 
where the number sheets 
grade veneer required for product 
For example, means two 
1/10 inch sheets are required for 
two sheets are required for 
1/10 inch sheets are required for 
There are such requirement equa- 
tions connecting the product 
variables. These equations plus one 
more 


i 
define the problem. Here 
return the product. effect 
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equation (2) states that want 
maximize the return the available 
raw materials. The return all prod- 
ucts listed Table 

Solution programming 
problems this order 
suming done hand. Solutions 
have been obtained the IBM 650 
computer (using modified Smith 
program) about minutes 
machine time. The solutions show that 
considerable savings are possible. For 
Plywood find the 
return (per 1,000 S.M. veneer) 
$22.47; this compared with 
$21.16 obtained from their actual pro- 
duction. The difference, $1.31, when 
applied the annual production 
about 120,000,000 Surface Measures 


veneer could result 
the return about $150,000 per 
The bulk the increase 
profit, because the fixed costs 
practically unaffected changes ‘he 
product mix, The form the res 
the linear programming 
tion calls for the production 
the products listed here: 


The production any other 
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rms the third column Table would have found different solu- “ideal” return for the Average Com- 

“Shadow The shadow tion (and, course, lower value pany $21.22 compared with the 
rice the loss return per 1,000 the return). can, however, actual return $20.08 per 1,000 S.M. 
plywood panels produced within fairly wide range use the obtained $.2504 units 
ince this can only produced prices and the final “matrix” product for each unit veneer. 
ducing the production least the effect This difference $1.14 per 1,000 
the ideal products) this case, the production. For example, our solu- S.M. veneer produced. The ideal 
production 1,000 S.M. panels results excess 2.6 S.M. production for this company differs 
inch. would produce 1/10 inch veneer per 1,000 S.M. from the previous example for two rea- 
loss return $22.42 while the initial product. This could used sons: (1) the return (and 
oduction 1,000 S.M. exterior 1/10 inch slight ture different (Tables and and 
would only produce ioss ir. increase our return (increased (2) the raw product mix different 
$1.55, The value the $23.60 0.0026 $0.06, making the (Table 2). Company uses logs 
adow prices that they allow one return $22.53). that yield more and grade and 
determine how the return affected The value $23.60 the shadow more 3/16 inch, hence the 
deviation from the “ideal” product associated with 1/10 inch return. 
veneer. The shadow price the raw can examine the changes im- 
The “solution” the problem con- the added return that plied altering the production. Let 
more than the quantities obtained there were additional assume that must produce in- 
and the shadow prices. 1,000 S.M. the raw material inch (product 26). 
obtain matrix table able. These shadow prices are indica- this must change 
that shows the best way (that is, tions how peeling can modified other products. The final mat- 
the cheapest) introduce product order produce greater returns, for product gives the values 
not included the basic how one might improve the return shown Table Column The 
demonstrated example later. changing the quantity peeled each values show that, for each unit 
using the shadow prices thickness. study Table for ex- product produced, the output 
established product nesses. actual problem result 0.5 units, and the output product 
manner, this form would indicate that down- reduced 1.0 unit. plus sign 
The solution here not completely grading may profitable, the matrix column indicates reduc- 
practical that market restrictions large difference shadow price be- tion and minus sign indicates in- 
have been For example, about tween and grades would indicate For each 1,000 S.M. 
per cent production interior that more labor patching grade changed, the shadow price tells that 
The market for this product might profitable. The differ- will lose $6.47 return. 
relatively small. Similarly, there ences shadow prices also give indi- this for per cent production 
production exterior changing the peeling dis- return will reduced (0.04) 
popular product. These re- tribution. (0.2504) 6.47. (0.2504 the 
can incorporated the Table shows the solution obtained number 1,000 panels produced 
TABLE FOR AVERAGE PLYWOOD COMPANY 
Per Cent 
4 Total Shadow R 
terior 1/4 17 - $10.57 $ 81.1 A 39.9 
AR 3/8 18 8.31 lJl 6 34 
19 - .65 120.34 | 21.65 TABLE V 
: 5/8 20 - 2.21 132.99 D 11.45 
11.9 
q 26 - -97 135.00 1s 
ir 29 - .18 92.55 C 19.30 5B 
1S 3/4 31 2.63 3.87 3 "tex 28.15 99 99 
Ac 45 12.08 59.80 ter 
: 3/8 46 . 8.92 82.37 
‘As 7 B 5 62.96 
ns 3/8 54 9674 60.0 


per 1,000 S.M. veneer.) Thus the 
return reduced about six cents 
per 1,000 S.M. veneer.) Column 
Table shows the final production 
this change made. 

can make further modifications 
based the information generated 
our final matrix. Suppose that addi- 
tion interior inch must 
produce exterior inch product 
51). The Sth column Table 
shows the final matrix column for 
product 51. Each unit product 
unit product and decrease 
unit each for products 
and 40. Now, since only produce 
per cent product 46, cannot 
produce more than per cent ex- 
terior inch (or else would 
produce per cent exterior 
inch end with the production 
listed the last column Table 
The return reduced (0.01) 
(.2504) 17.59 0.04. 

The process can carried 
include many essential products 
necessary. This substitution process 
extremely useful for determining the 
return for various combinations pro- 
duction. The changes made produc- 
tion quantities are those which would 
introduce the products minimum 
loss return, The alternative this 
method the re-evaluation with 
added market condition equations. The 
program can set that the effect 
price changes can treated starting 
from existing solution. The latter 
requires much less computer time for 
the new calculations. One can define 
condition equations for the size 
price change necessary require 
new solution. The method extremely 
flexible almost all possible changes. 

The example shown here illustrates 
that improved production performance 
possible. The tables also show the 
data for Company,” the 
data for which has been generated 
from cost study some dozen com- 
panies for 1957. The results for the 
average company show savings the 
same order magnitude the ex- 
ample company. have carried out 
other calculations with the same sort 
results. our calculations, were 
restricted somewhat the available 
data and more the restrictions 
the computer Because the 
latter limitation only considered 
final products. more extensive pro- 
gram for the IBM 650 available that 
will allow about products and 
raw material and 
equations. For 
the IBM 700 series, the UNIVAC, 
DATATRON, and other computers 
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are available. such machines, are 
used there would need omit 
such factors sales potential, inter- 
changeability raw materials, alter- 
nate methods making the same final 
products, and forth. 


Hardwood Plywood Production: 
thorough analysis hardwood 
plywood production has been made 
thus The differences between hard- 
wood and softwood production are 
those complexity and variety rather 
than differences principle. hard- 
wood, one deals with number 
varieties wood range grades 
rather than single variety. Logs are 
also purchased greater multiplicity 
log grades. The complexity intro- 
duced the numerous varieties and 
grades, and the fact that the products 
and veneers have much higher values, 
makes the selectivity, that is, the deci- 
sion product mix, more critical 
problem. 

The basis any analysis pro- 
duction mix, purchases, veneer peel- 
ings, and forth, good cost sys- 
tem, Without knowledge the costs 
various alternatives one can make 
only rough guesses the relative 
value given production, peeling 
purchasing policy. Such cost systems 
are not firmly established the hard- 
wood industry and are there- 
fore hard come shall. how- 
ever, discuss the linear 
programming methods number 
possible problems the manufacture 
hardwood pancls. 

First, let consider the softwood 
producer who also manufactures hard- 
wood with softwood centers. 
The hardwood panels for 
softwood centers and cores 
interact with all the 
ucts. core used for inch 
Exterior panel not available 
for inch Birch panel; 
grade center used for hardwood 
panel restricts the production 
and products that require the same 
thickness sheet veneer. 

Assuming that the variable costs 
hardwood panels are known, can 
treat the hardwood panels the same 
way other products. shall con- 
sider two 

Hardwood veneer purchased out- 
side and limit available supply 
(that is, free market with adequate 
sources veneers). 

this case the problem can set 
the same way problem The 
various hardwood products 
duced only through the softwood com- 
ponents the layups. The return 
hardwood product defined 

(Selling price) (dis- 

variable costs man- 
ufacture)—(cost 
wood veneers). 


Hardwood veneers manufactured 
stricted market (that is, the quantity 
hardwood veneer each grade 


This case differs from the example 
above that the hardwood 
“compete” for both softwood 
hardwood components. the 


wood veneers are purchased, then 


wood veneers are manufactured, 
use the earlier definition 
must introduce the hardwood com 
nents the layups establishing 
matrix. will then have equati 
the form Eq. (1) for the 
wood veneer supply well 
softwood veneer supply. The 
wood products may also 
the same form have already 
presented. 


Thus, the introduction 
veneers and panels does not alter 
problem any serious manner, 
one concerned with the 
combined hardwood and 
panels. One would expect this 
true, since the production 
similar and the interactions are not 
ferent principle. fact, the 
ciples are even much the same jor 
plants which produce 
wood panels, shall show. 


Let now consider company that 
produces only hardwood panels from 
number different species (oak. 
birch, maple, white pine, and 
forth). Centers and cores are obtained 
from the hardwood (or perhaps 
purchases softwood panels ve- 
neers). the softwood case, there 
are number different raw 
rials (veneers species, grade 
thickness) obtained peeling logs. 
These are used produce ply- 
wood panels various 
imize profits, subject the limitations 
marketability products, plant 
acity and other plant restrictions. 
can set layup and restriction 
duction. Because the larger 
raw materials (veneers) and 
products one will have 
problem for single plant. 
limits the size the problem 
obstacle, problems involving nun 
already being studied. Given 
cost system, this problem can 
quite readily and perhaps yield 
greater increases return that 
wood production because the 
costs peeling and grading 
hardwood industry. 
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Problem 2—Log Purchases 


the previous example, were 
acerned with obtaining the best mix 
final products from group 
taining the best product mix from 
logs. The connection lies the 
ationship between grades produced 
log given quality. study 
ide the Forest Service? indi- 
that such relations exist. For 
uthwest Oregon the report gives the 

sults 


c 


Grade Veneer Veneer Veneer Veneer 
peeler 28 9 33 30 

S, ocial peeler 7 44 41 


Given these values and panel recov- 
ratio (panels inch equivalent 


per board foot lumber) can 


evaluate the number sheets ve- 
neer each grade from the logs pur- 
chased. The DFPA Manual lists 
average industry recovery ratio 2.2. 
Converting this inch equivalent 
veneer have veneer recovery ratio 
can use the figure above 
example show how the logs 
purchased tell what veneer avail- 
able and the average cost per 1,000 
board feet. 


Suppose purchase 1,000, 1,000, 
and 2,000 board feet 
and special peeler, 
respectively. The number 
inch sheets obtained grade 


(1,000 0.37 1,000 0.17 2,000 0.08) 6.6 


stage, substitution one grade 
for another), can define the sec- 
ond problem: 


“Given distribution final 
products (and hence the required 
number veneer sheets each 
what the best combina- 
tion logs purchase; that is, 
how many peelers, peel- 
ers peelers, and special peel- 
ers should purchased 


Therefore, this problem just the 
reverse the first problem that was 
treated linear programming 
techniques. 


Assume that want satisfy 
the demands for 1/10 inch veneer 
listed Table For 1/10 inch ve- 
neer the veneer return ratio 8.25 
(6.6/0.8; see DFPA Manual). The 
log prices are those given 
and want minimize the cost 
logs meet our demands. Let 
the quantity peeler, and 
the quantity special 
need 10,591 sheets 1/10 inch 
Then: 


8.25 (0.37P, 0.28P, 17P, 0.08P,1) 10,591 


TABLE AVERAGE PLYWOOD COMPANY 
1/10" VENEER PRODUCTS USING ONLY 


GRADE 
A 10,591 
12,318 
3,967 
13,213 


Because the small amount 
required, any solution the prob- 
lem stated must result ex- 
cess quantity Since can 
(and often is) downgraded 
grade, and most cases there 
excess grade, will solve 
simpler problem; that is, consider 
only two grades, surface 
case our equations become 


1.24P, 11,218 

37,436 


Similarly, for the other grades 
obtain 


(B) 0.91P, 0.74P, 0.58P, 627 
(C) 2.64P, 2.72P, 3.63P, 11,905 
(D) 1.65P, 2.48P, 3.38P, 3.38P, 25,531 


(370 170 160) 6.6 4,620 sheets inch 


Similarly, have 


6.6 (1,000 0.11 1,000 0.08 2,000 0.07) 


2,178 sheets inch 
6.6 (1,000 0.32 1,000 0.34 2,000 0.44) 
10, 614 sheets inch 


6.6 (1,000 0.20 1,000 0.41 2,000 0.41) 


9,438 sheets inch 


If, for the log cost, the listed val- 
ues for the Example Plywood Co. 
the DFPA Manual, are used: 


$90/M bd. feet 
peeler $80/M feet 
peeler $70/M bd. feet 


Special bd. feet 


obtain for the average log cost/m 
board feet 


(Note: the absence more com- 
plete data have lumped the 
quirements for and and and 
Dx.) want minimize the total 
cost logs: that is, find the values 
P,, and which satisfy 
equations (A), (B) (C), and (D) 
and minimize the cost given 


the fact that the pur- 
sed logs define the distribution 
cer grades (assuming, this 


. S. Forest Services, Report R-6, ‘‘West 
Plywood-Lumber Appraisal Table 
ictober 22, 1957) 

results are the average for large and 
logs rounded off the nearest percent. 
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$66.86/M hd. feet. 


4,000 


This, too, problem linear 


programming that solved more 
simply using the so-called 


Our solutions are 
1,435 bd. feet, 


4,535 bd. feet. 


the total cost 
$368,500 


and the average lumber cost 

Average cost 

$61.80/M bd. feet 


more grade used, the av- 
erage cost will increase; the average 
cost increases with increasing ratio 
(A! and decreases with 
can illustrate this with another 
example drawn from the data for the 


technical reasons cannot follow the 
same techniques the previous example. 
make use the fact that every minimizing 
problem has which maximizing 
problem. The solutions are related simple 
problem and its dual. See, for example, Gass, 
S., Linear Programming, McGraw-Hill, New 
York (1958). 
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Example Plywood Company (DFPA 
Manual 

The total requirements 1/10 
inch veneer are listed Table 
(these include 1/10 inch with 1/8 
inch and 3/16 inch veneer). this 
case, the equations are 


(E', 1/10) remains unchanged. The solution 9,34 


The total cost 
$432,000, 


and the average cost 

Average cost 432,000 $59.00, 
7,320 

abort $2.80 less per bd. feet. 


have examined the solutions 
for the other thicknesses. Since there 
3/16 inch surface grade 
B), one can use only special peelers. 
There will considerable down- 
grading, that percent the 
output surface grade that will 
used grade, and some the 
grade will used grade, but 
the average price not affected. For 
3/16 inch the average cost there- 
fore $53.72/M bd. feet. 

The inch veneer differs from 
the 1/10 inch that large percent- 
age surface grade required— 
about percent. This must increase 
the cost logs and hence the cost 
veneer. For inch veneer, the 
recovery ratio 6.6 and, us- 
ing the data from Table get 


grade sheets replace inch sheets 
and the thicker sheets the 
lower grades. 


For the total veneer supply 
have the following 


1/10 1/8 3/16 


inch inch inch 
Total veneer required 60,104 88,883 41,109 
Logs used (M bd. feet) 7,285 13,467 9,343 
Average cost of logs 
(per bd. $59.00 $83.00 $53.72 


yond providing the solutions 
solution, the technique 
formation such decision-fact 
as: 


(1) The cost loss return 
and hence the value new 
ment extended sales promot 


Average lumber cost 7,285 (59.00) 13,467 (83.00) 9,343 (53. 


7,285 13,467 9.434 
2,049,481.96 
30,095 


Average log cost $68.10/bd. feet. 


The application linear program- 
ming the log purchase problem 
more limited than problem 
above because; 

(1) There relatively small 
“free” market logs; purchases are 
mainly contract for tract; 

(2) There has been far too little 
for grade recovery from 


35,450 


Equations remains unchanged. The solutions are 


The total cost 

$1,119,000 


The average cost 


Average cost 1,119,000 


13,450 


Thus the lumber costs inch 
veneer are almost percent more 
than those 1/10 inch veneer. This 
not surprising, since inch 
percent the veneer surface 
grade, while only percent the 
1/10 inch veneer surface grade. 
does suggest, however, that wher- 
ever possible alternate layups 
used (assuming, course that the 
veneer used for the products the 
Average Plywood 
sents exactly what desired for 
customer and/or profit point 
view) such that 1/10 inch surface 
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3,200 feet 


$83,00/M feet 


logs various grades; more precise 
including the variations 
grade recovery thickness peel- 
ing, are required. 
Should the second restriction 
overcome, the linear programming 
technique can provide measure 
the recovery value timber tract, 
given good survey values. 
Conclusions 

The value linear programming 

plywood enterprises extends be- 


The are given in rounded-off num- 
obtained calculations. The 
values listed here are from Table 


(of specific products) which 
cancel the restrictions. 


(2) The cost producing certain 
products 
demands enter market. These 
costs may too high merit re- 
tention the customer 
market. 


(3) The additional 
might obtained changing the 
peeling distribution changing 
the log distribution. 


(4) The profitability loss (in 
terms production costs) adding 
new products the line chang- 
ing the layup for existing 
product. 

(5) The cost minor nts 
the ideal product mix and the 
range which changes can ide 
without changing the total rn. 


(6) The effects price 
production costs the pro 
mix and total realization. 


All these factors are cat 
importance production and 
management. The existence 
information (which not pre 
available most companies) 
better operating and marketing 
sible that the availability 
formation will prove even 
value the plywood manufact 
than actual solutions that 
gramming can provide. 
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TABLE PLYWOOD COMPANY 
TOTAL VENEER PRODUCTION GRADE 
VENEER VENEER VENEER 
iRADE S.M BD. FEET S.M. BD. FEET S.M 5D. FE ; 
Factor 6. Factor 4,4 
7 
>, 2 
6.15 17,53 7,60" 97+ : 
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RCI ADHES 


Ply 


written guarantee quality! These are features 

the nation’s leading manufacturers high 
prefinished laminated flooring and wall 
paneling. 

“More than million square feet our lami- 
nated oak flooring setvice all over the U.S.,” 
reports Toussaint, Plyfloor President, “and 
there question but that significant 
part our success directly 
the fine performance the RCI ad- 
hesive resin that goes into our product.” 


Plyfloor’s written guarantee rein- 
forced their rigid emphasis adhe- 
sive qualities the plywood blanks they 


PLYFLOOR INC. 


BEAUMONT, MISSISSIPPI 


DATE. 


PLYFLOOR Laminated Hardwood Block Flooring is Guaranteed to be 
manufactured in strict accordance with the specifications and requirements 
of the proposed Commercial Standard for Laminated Hardwood Block 
Flooring and is regularly tested to meet these specifications by the Hard- 
wood Plywood Institute Laboratory. 


PLYFLOOR is Guaranteed free of inferior materials or workmanship. 


The Manufacturer will replace any defective PLYFLOOR that shows 
evidence of sub-standard material or workmanship that comes within the 
scope of manufacturing. 

This Guarantee is for a period of one (1) year from the date of accept- 
ance of a home (by the original owner) in which PLYFLOOR is installed. 
The Manvfacturer will not be responsible for mastic or adhesive fail- 
ures or improper installation. See PLYFLOOR installation recommenda- 
tions. 


PLYFLOOR will not be a ny installed in any ease where 
the sub-floor, whether concrete not smooth, level and otherwise 
suitable for PLYFLOOR. See PL YFLOOR installation recommendations. 


The Manufacturer must be allowed to inspect any PLYFLOOR on 


TOUSSAINT, President 


G. A. MACDONALD, Secy. & Treas. 


which an adjustment is claimed. 
ATTEST: 


arantee Results! 


purchase. Two suppliers Perry County Plywood 
Corporation, and Gulf Laminates, Inc.—meet these 
adhesive requirements. Both have standardized 
RCI adhesive products. 


Perhaps guarantee your product’s perform- 
ance could help you greater sales has 
Plyfloor. Find out about RCI’s wood adhesives. 
inquiry outlining your needs will receive prompt 
attention. 


REICHHOLD 


Synthetic Resins Chemical Colors Industrial Adhesives Phenol 
Hydrochloric Acid Formaldehyde Phthalic Anhydride 
Maleic Anhydride Sodium Sulfite 
Pentaerythritol Sodium Pentachlorophenate 
Sulfuric Acid Methanol 


REICHHOLD CHEMICALS, INC., 
BUILDING, WHITE PLAINS, 
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SIDE FEED MACHINES 
RANGE SIZES 


“ONE SIDE FEED 
ELECTRONIC EDGE GLUER 


RAPID and EFFICIENT EDGE GLUING with MINIMUM LABOR and THICK 
and PANEL SIZES from 48” 50” 50” ONE OPERATOR: FEEDS GLUE SPREADER, LAYS STOCK, 
REMOVES GLUE STOCK and STACKS TRUCK MANUFACTURE LUMBER PANELS from ALL SPECIES 
WOOD. 


“One and Model Edge Gluer combine meet the output three four man crew with clamp 
carriers. One operator easily handles the entire process because does not use his time spread glue, hammer 
stock and tighten clamps; the automatic glue spreader and press these operations for him. 


The Industron Model machine with its more than ample top and edge pressure produces flat panels with practically 
invisible joints. cover the scope production requirements Industron manufactures complete line sizes 
Side Feed Electronic Edge Gluers. 


High Performance one man gluing operation with minimum labor and space. This what owning 
Industron Model Side Feed Electronic Edge Gluer can for your operation. FREQUENCY POWER” 
combination with the specially designed ‘‘one man the INDUSTRON EDGE GLUER the secret the high 
efficiency and large production you can expect with Industron machine. 


Industron’s High Frequency Electronic 

Equipment for Industry. 


SS NEEDHAM STREET, NEWTON HIGHLANDS, MASS. DEcatur 2-1477 


Frequency 
Industro 


